re ; eat. 1e 


— dic ve. 
EE 








———_—__———- + . 7 


A elel: tee 












































Battery of AJ AN 
VORTHRL P 











USE 





CORELESS INDUCTION FURNACES 


FOR 
HIGHEST QUALITY ALLOY AND STAINLESS STEELS 


Specify INDUCTION FURNACE STEEL for your 


stainless, heat and corrosion resisting castings 


G. H. CLAMER Ajax Plectcothecmic Corporation E. F. NORTHRUP 
PRES. ond GEN. MGR er ue a V. PRES. ond TECH. ADVISER 


Foreian Representatives Flectric Furnace Co... Ltd... London Carlowitz & Co... Hankow. Shanghai. Canton 
Finspongs Metallverks Aktiebolag, Finspong, Sweden Mitsui & Co... New York. Tokio 


Hirsch, Kupfer und Messingwerke, A. G.. Eberswalde. German 














METAL PROGRESS 


Vol. 91 


January, 1937 


No.1 





Table 


STEEL BALLS 
STAINLESS 

DIE CASTINGS 
SPECIFICATIONS 
SPOT HARDENING 
METAL IN TOOLS 
BOLTS 

HOT WELDING 
TEMPERED WIRE 


NITRIDING 


of ec 


26 
27 
32 
38 
43 
46 
52 
56 


62 


74 





Publishe d and ¢ opyvright d. 1932. byt 

American Society for Steel Treating 
016 kuclid Avenue, Cleveland, Ohio 
Issued monthly, $5.00 a vear. $1.00 
per copy entered as second-class mat- 
>, 1921, at the post -office 
at’ Cleveland, Ohio. under the Act of 

Viarch 3. 1870 


ter. February 


JANUARY, 1932 





ontents 








Author's Page 8 
Editorials 53 
Data Sheet 

Spring Wire 65 
Correspondence 67 
Concentrates 17 
Helpful Literature 92 
Advertising Index 102 
/ ! Secret t / 

! fist ite i 

pe J fed i f 7 
ldu iais are wu the hy i i 
represent his views. He i 

flor unsigned nd staff art 


Ernest EF. Thum, Editor 








Nh 








Timken 
Alloy 
Steels 


Made where your steel 


problems are understood 


Prins you developing a new product in which 


steel is a fundamental factor, or modernizing an 


old one 


Are you seeking ways and means of reducing manu- 
facturing costs without lowering your quality stand- 
ards or imperiling the safety factor of your product? 


It will pay you to put your steel problems up 


to Timken. 


Timken’s long experience as a user as well as a 
manufacturer of fine alloy steels has been the 
means of saving time, expense and grief tor hun- 
dreds of other steel users who were taced with 
similar problems. Timken metallurgical service has 
eliminated uncertainties in the selection of steel for 


any specific purpose. 


When you become a Timken customer, the Timken 
metallurgical laboratory and the Timken steel plant 
will become, to all intents and purposes, depart- 
ments of your own factory. Your steel require- 


ments will be carefully analyzed, your fabricating 
practices closely studied. Recommendations will be 


based upon actual practice, not theory. 


In the production of the steel itself, the same scrup- 
ulous care and attention to your individual interests 
will prevail. The Timken system of quality control 
comprises the most thorough, exacting and rigid 
series of chemical, metallurgical and physical tests 


ever applied to any steel. 


Carburizing and heat-treating methods founded 
upon Timken’s own successful practice will be avail- 
able if required. Constant supervision will be exer- 
cised to assure the full interpretation of Timken 


quality in your product. 


Timken steel service will thus relieve you of the en 
tire burden of responsibility in connection with your 
steel needs. Isn't this the kind of assistance you 
want? The Timken Steel and Tube Co., Canton, O 
Detroit, Chicago, New York, Los Angeles, Boston. 
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Stilla Settin’ 
on Top of the World 


hive years ago this tank on the summit of Pike's “holding up well” ....1In thousands of appli- 
Peak, Colorado, *“*settin” on top of the world”, cations throughout industry as broad as the use 
was protected inside and outside with NO-OX-ID of iron and steel, NO-OX-ID is making equally 
....For a test of severe weathering, the summit good records for longevity and completeness of 
of Pike’s Peak is a choice spot. yet following a protection. Where can it serve you? Inquiries 
recent inspection, the coating was reported to be invited. 











NO-OX-ID Is Rust Prevention 


NO-OX-ID combines ideal mechanical protection with chemical inhibition of the sur- 
face against rust. It is applied in a thin coat by brushing. spraying or dipping and 
forms an elastic, non-hardening seal. The cost of NO-O\-ID is very reasonable and the 
protection afforded reliable. It can be applied to surfaces already badly rusted or pitted 


and will stop further deterioration 























DEARBORN CHEMICAL COMPANY 


10 South Michigan Ave.. Chicago 205 East t2nd Street, New York 2151-21614 Dundas St... W. Toronto 


fox QO) Avcss 


Treva © mm ARK 


The Original Rust Preventive 
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OIL WELL 


VALVES 





USE 


HIGH CARBON 





STAINLESS BALLS 





HEN high carbon, high chromium 
stainless steels are mentioned, one ordinarily 
thinks of the cutlery steels (say, 0.65°° C, 16.5' 
Cr), but there is another even higher allov (1.0 
to 1.1 oa 


very useful in the oil industry, in’ services 


17.0 to 17.5 Cr) which has been 


where a hard metal highly resistant to corrosion 
is needed. Representative uses are for needl 
valves and check valves in oil lines. 

Working parts of ball and seat valves used 
in pumps and oil wells are assembled as shown 
on the next page. Both parts are encased in a 
pipe through which the oil flows after passing 
the ball and seat. The action of the pump 
sucks the oil upward and raises the ball. On 
the return stroke of the pump the weight of the 
oil above forces the ball back on its seat, thereby 
closing the valve. This action is repeated at 
every stroke of the pump, and the effect on thi 
ball and seat is very similar to impact testing, 
where a weight continually drops on the test 
specimen. It goes without saving that the parts 
must have a high impact value for long service 

Fatigue failures cause flaking and cracking 


Other troubles arise from corrosion from brines, 
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or erosion from. grit Foughness, strength, 
hardness, and corrosion resistance are all re 
quired, a rather difficult combination, but one 
which is successfully met by this 1 carbon, 
17°. chromium steel when its manufacture and 
heat treatment are very carefully controlled 
this paper will describe some of the early 
troubles encountered, and the steps taken to 
correct them. Members of the staff of Ludlum 
Steel Co. and Firth-Sterling Steel Co. have given 
manv valuable suggestions 


Lrosion 


Erosion causes the surface of the balls and 
seats to wear away gradually Most crude oils 
and some refined oils contain fine particles of 
solid matter, sand, or grit, which act as an 
abrasive when moved rapidly across a metal 
surface \s soon as a small spot is worn away, 
the valve will leak thereby causing increased 
leakage of oil and more rapid erosion, a vicious 
evel Lhe rapidity of wear depends upon thi 
polish and hardness of the metal itself; soft 


areas and pitted or defective areas will wear 














Full Size View of Small Check Valve for 
Oil Pumps. This assembly is placed inside 
the larger well casing; oil sucked up through 
the inner pipe raises the ball from its 


seat during a_ half-stroke of the pump 





more rapidly. Therefore, to keep the wear at 
a minimum, a stainless steel of maximum uni- 
form hardness consistent with other properties 


is needed. This steel develops and retains 


a hardness of Rockwell C-56 to C-60) after 


quenching and drawing. However, even this is 
insuflicient to withstand certain scouring action, 
as is seen by the view of a ball which has had 
its surface gouged into grooves. 


Corrosion 


There is very litthe atmospheric corrosion 
of valves used in well casings because most of 
them are located far below ground level. But 
the acids or brines contained in most crude oils 
rapidly corrode ordinary steels, and slowly at- 
tack stainless steels. Where ordinary carbon 
steels become pitted and corroded on all ex- 
posed surfaces, the failure of stainless steel 
parts by corrosion is often confined to small 
areas on the surface, while the remaining areas 
might remain bright and shiny. 

Vhis localized corrosion occurs frequently 
when stainless steel parts are left exposed to 
the elements. J. H. G. Monypenny, on page 170 
of his book, “Stainless Tron and Steel.” notes 
that long exposure to industrial atmosphere 
will discolor a polished stainless steel, and when 
cleaned its surface is found to be dulled by a 


multitude of minute pits. Four causes of ac- 





celerated attack by corroding media were cited 
by Dr. W. H. Hatfield in the 1928 Campbell 
Memorial Lecture, two of which have to do 
with discontinuities in the metal itself. 

Corrosion pits are found in stainless steel 
balls and valve seats; typical examples are 
shown at the bottom of the opposite page. <A 
ball with a large corrosion hole similar to those 
shown was filed to determine the approximate 
depth of corrosion. After approximately in. 
was removed from the surface, the bottom had 
not vet been reached. These pits are very 
distinct against the bright and shiny ball sur- 
faces; they are sometimes circular patches, but 
appear more generally as long, thin lines on the 
surface, difficult to photograph. By etching 
corroded balls, similar to those shown, with 
0°, boiling hydrochloric for 10 min. or more, 
it was found that the long, thin pits were on 
the sides of the ball extending toward the poles, 
and the circular pits were at or near the poles 
of the balls. 

(These balls are forged by upsetting hot 
slugs from round bars smaller in diameter than 
the finished balls. The areas where the ends 
of the original bars come to the surface of the 
balls are called poles. The flash between the 
dies is the equator, and the area between these 
sections is called the sides of the ball.) 

The long, thin pits extending along lines 
connecting the poles indicated that there might 
he a relationship between them and the direc- 
tion of rolling of the original bars. 


Other balls suffering from deep corrosion 





Ball Taken From Check Valve After lt Had 
Been Badly Eroded Along Contact Line With 
Seat by Fine Particles Carried in the Oil 
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failures were etched and showed the “grain” of 
the ball to lie parallel to the direction of the 
long pits on the corroded balls. It was thought 
that these pits might be seams which had es- 
caped the inspectors. Accordingly, some balls 
known to be seamy were taken from inspection 
and etched. Besides the seams marked by the 
inspectors, other short, shallow marks were 
developed, resembling hairlines; they were quite 
different from seams found on balls made from 
seamy bars of. steel. 

One lot of these seamy, stainless steel balls 
was reduced in. diameter, which should 
have removed all surface defects. The inspec- 
tors again picked out seamy balls, and etched 
samples still showed numerous hairlines. This 
indicated that the cause of the corrosion pits 
was an internal defect in the steel and not a 
surface defect from the bars. 

lo verify further this fact, a ball containing 
two hairlines, separated by only a short, smooth 
surface between their near ends, was filed at 
After etching, both hairlines were 
Other balls 


this point 
plainly visible on the filed area. 
showed these hairlines after filing and before 
etching. This substantiated the theory that thy 
cause of the pitting was in the steel before the 
balls were made. 

lo make sure of the latter statement, disks 
were cut from numerous stainless steel bars, 
polished and etched 10 min. in boiling o0 
hvdrochloric acid. Two of the disks shown on 
the following page are from a group of bad 


bars which were forged into balls, finished and 





Pitted Balls From Oil Pump. 


ted areas occur near “poles” of the ball 


Circular pit- 


that is, at the axis of the original upset bar 
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inspected in the usual manne Twenty pet 
cent of the balls from this lot was picked out 
as seamy. Others which passed the inspectors 
were found to contain hairlines after etchin 
\ disk tvpical of those from a sroup ol ood 
bars is also photographed Phese were specially 
picked out and run as were the others; only a 
negligible quantity of these balls was discarded 
as secamy This clearly proved the relationship 
between hairlines in stainless steel, the seams 
on the balls, and the pitted corrosion failure 
of the finished balls 

Similar conclusions as to the cause of pitti 
drawn by 


and localized corrosion. failure ims 


Dr. Hatfield when he said it 


the Campbell 
lecture: “May it not be that iron protects itself 
by immediately forming the protective filn 
when brought in contact with certain oxidizi 
media, and that failure to resist, that is, pre 


vressive “oxidation, results from the punctur 


and local destruction of this film through va 




















Deep Etched Stainless Steel Bars. 


The two small ones are of bars which will 


produce a large proportion of balls rejected by inspectors as “seamy.” The 


large bar produces balls free from 


hairlines or other defects. 


Natural size 





rious Causes from causes such as the presence 
of particles of foreign matter leading to damage 
through local electrolytic effects; from = local 
concentration of corroding media in dew effects, 
ete. Incidentally, a continuous protective film 
presupposes a continuous metallic surface for it 
to form upon, and what with the dispersion of 
oxide or silicate inclusions of indeterminate 
composition, and the actual unsoundness of the 
bulk of steel produced, even in America, it 
cannot be considered that such a condition is 
fulfilled. The author is of the opinion that 
ordinary commercial steel can, in itself. be 
much improved as regards its resistance to cor- 
rosion by the extension of our knowledge and 
application of the laws of physical chemistry 
where they bear upon steel production from the 
standpoint of the manufacture of material free 
from oxides and gas holes.” 

This matter of porosity and hairlines was 
taken up with the stainless steel manufacturers, 
who immediately did intensive research work 
on the problem. By changing various items in 
their melting. raw materials, and general prac- 
tice, a big improvement was made in the quality 
of stainless steel produced. Hairlines have been 


so decreased in size and number that they are 
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found only occasionally after deep etching or 
very careful polishing. By decreasing these 
heterogeneous areas in the stainless steel, the 
number of centers for localized corrosion is 
decreased and the life of the metal is thereby 
increased 

Heavy pitted areas occurring at the poles 
might be due to segregated centers in the origi- 
nal bars, so several pitted balls were cut through 
the pitted areas, given a light etch, and exam- 
ined. These longitudinal sections showed seg- 
regated areas along the centers of the balls 
connecting the two poles. Steel bars that 
showed segregation on etched disks were also 
cut) longitudinally through these areas, and 
showed a line of segregation through them 
which was very similar to the segregited area 
of the balls corroded near the poles 

This indicated that segregation is another 
cause for corrosion and must be eliminated 
from the stainless steel bars. 

Occasionally, corroded balls have a mottled 
surface appearance not following any distinct 
pattern. This is caused by failure to remove 
suflicient material from the surface of the balls 
after heat treatment. Scaled areas, or metal 


just beneath scaled areas, have a different elec- 
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trolytic potential from the balance of the ball 
and act as centers for localized corrosion. 

As noted at the outset, some balls and seats 
fail from fatigue. A ball of this sort will crack 
normal to the surface, or certain patches will 
flake off. Cure for the trouble is a steel of high 
impact resistance; that is, a clean, sound steel 


properly heat treated. 
Flaking and Cracking 


Abusive heat treatment and forging practice 
do cause cracking and flaking, but this is inex 
cusable. Since hardness, ultimate strength, and 
endurance limits are interrelated, the high hard 
ness of the heat treated balls (Rockwell C-58) 
should imply a high strength and resistance to 
fatigue. A bright, flaky, coarse-grained fracture 
mav be set down as due to overheating during 
forging operations. It goes without saving that 
proper control of temperatures during the forg 
ing and heat treating operations is the first 
essential in manufacture of such parts as those 
under consideration. Internal defects in the 
steel and surface corrosion lower the expected 
endurance values to figures which allow the 
balls to crack and flake. Some balls that flaked 
in service were photographed — they have dis 
tinct lines through the centers of the flaked 
reas Careful examination shows these to be 
the hairlines described above; thev are clon 
vated blow-holes or else contain material which 
etches out readily or can be filed out Besides 
being a nucleus for corrosion failure, they up 
pear to weaken the metal when thev occur 
sulliciently near the surface of the balls to cause 
flaking 

\ view is shown at right of a ball which 
cracked in service. This ball had numerous 


small corrosion pits on its surface. On testing, 


' 


it showed good, fine-grained fracture, indicating 
proper heat treatment. Other than the corrosion 
pits, no defects were found which should causs 
the cracking. 

This failure was attributed to corrosion 
fatigue, which was studied by D. J. MceAdain, 
Ir. and some others, and it is well established 
that mild corrosion causes the early breakdown 
of fatigue specimens. For instance, a 0.17 
carbon steel, with a fatigue limit of 60,500 Ib. 


per sq.in. in air, had only 20,000 in a stream of 
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hvdrant water. T.S. Fuller shows how stainless 
irons used for turbine blades have fatigue limits 
cut in half by wet steam (Merat ProGress for 
July). In searching for a reason for this phe 
nomenon, the following words, which Albert 
Portevin wrote in Revue de Métallurgie, Novem 
ber, 1929, mav be indicative: “Localized corro 
sion is characterized by non-uniform depth of 
attack and cannot be defined by the loss pet 
unit of area Internal corrosion does not de 
strov the surface of an object but results in a 
laver of corroded metal underlying the surface 
and having no strength. The corrosion medium 
travels along the grain boundaries affecting 
some of the constituents and leaving others in 
tact, or depositing on them the products of the 
reaction Without anv change in dimension, 
loss of weight, or properties determinable by 
tensile testing, a metal mav become very brittle, 
often only temporarily This phenomenon ts 
usually associated with the generation of nas 
cent hydrogen on the surface of the metal.” 
As stated by Portevin, corrosion may 
weaken a ball by decreasing its cross-sectional 
area, by weakening the interervstalline strength, 
or by the mneration of nascent hydrogen 
Failure of stainless steel parts by cracking and 
flaking is closely linked with corrosion failures 
and requires homogeneous material free from 
internal defects to give it a high corrosion re 
sistance, and proper heat treatment to give it 
maximum strength or impact resistance for its 


particular application 





Lypical Corrosion Fatigue Crack. Ball is 
still bright, having resisted corrosion over 


ims surface except at a sew localized areas 
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MODERN DIE CASTINGS 





OF ALUMINUM .... 





N DIE CASTING, a hydrostatic pressure 
(usually above 100 Ib. per sq.in.) Is applied to 
molten metal to force it into and hold it in the 
cavity of a metallic mold or “die” until solidi- 
fied. This involves specialized equipment and 
results in a product sharply differentiated from 
that of any other casting process. 

The special characteristics of die castings 
offer a number of economic benefits where a 
metallic piece is used in large quantities. 

1. The die casting process affords a means 
of producing pieces at a rapid rate with uni- 
formity of material, appearance, and dimension. 

2. It reduces or totally eliminates machin 
ing operations, because of the dimensional 
accuracy of the product and the ability to cast 
threads and core holes. 

5. Different kinds of metal may be cast 
into position, as studs, bushings, and inserts. 

1. Castings may have thin and light 
sections. 


» Pieces made by assembly of sheet 


metal or stampings can be reproduced as one 
die casting, where the integral construction gives 
vreater strength and rigidity at considerably 
lower cost per piece without the need of an 
expensive series of punching, forming, and 
drawing dies, and other jigs and fixtures. 

6. Die castings have smooth surfaces; fin- 
ishing operations are cheap. 

7. Engraved or ornamental designs are 
accurately reproduced in quantity at low cost. 

The initial cost of aluminum die castings 
is Slightly more than that of other con:mon white 
metal die castings. To offset this cost differen- 
tial, aluminum alloy die castings offer the ad 
vantages of light weight, superior resistance to 
corrosion, resistance to the effect of moderately 
elevated temperature, and a higher degree of 
permanency of dimension and shape. 

Based on these characteristics, they have 
been commercially applied for household uten 
sils and appliances, for automobile hardware 


and parts such as brake shoes, brackets, hous 
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Commercial Sises 1 re Constantly Incre asing. 
ings, pump and carburetor bodies, for airplane This motor base, by no means the limit, measures 
, $-1 28x21 in., and has an average wall of O11 in. 
engine parts, portable tools, electrical equip 
Some castings have been made over 40 in, long 
ment, radio parts, and for cases and frames for 
instruments. 
Scope and Limitations sistent with the requirements ol strength and 
torsional rigidity 
In considering the use of die castings, the Dimensional Accuracy Commercial alu 
following characteristics should serve as a minum die castings are generally produced to 
guide, but in complicated, elaborate, or doubtfu tolerance limits of plus or minus O.00Lo in. pet 
cases, advantage should be taken of the experi linear inch When once the shrinkage of a 
ence of an engineer specializing in die castings particular casting has been determined by suc 
Si In 1950, aluminum die castings wer cessive trial and reworking of the dies, much 
commercially produced weighing 11) ib. with closer limits can be maintained on dimensions 
over-all dimensions approximately 20X1T)5x9 in of 3 in. or more Keach job must be « incered 
Ddinne NSIOnHS hh Oe direction Way exceed thes with specith tolerances In mind 
considerably; castings have been made over 10 Dimensions measured perpendicular to the 
In. long 2) In. Is quite common the mini parting line are maintained within’ limits. of 
mum limit of size depends on economy and minus nothing plus O.OLO in. in the largest cast 
dimensional accuracy: for verv small work. i down to minus noth plus 0.008 on 
stampings or screw machine products should be small pieces. De istings have bee produced 
considered as alternative materials for special purposes in commercial quantities 
Section Thickness. On large castings, met with limits of plus or mi Ss OT ro tha 
thickness can be reduced to 0.090 to 0.100) ih partin line but such clos ley " ! 
Sections less than 6 in. In eneralls sp lied ! aL 
length or width may run as ( Cor 
low as 0.060 to 0.075 in It quired les o7 
Prepared for Von-kerrous Data 
is usually desirable to keep Ot e Cian of tinal ‘adh oniv reduces machi Op 
wall thickness fairly uniform Metale Division of the A.1.M.i eratio but metal 
(or, at least. to avoid abrupt and the Recommended Prac- ve ht and perm thre to 
change s in thickness) and to tice Committee of the 1.8.8.7 eficial chill vl { thr 
keep sections as light as con steel cre l I exertes 
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throughout a greater part of the casting. Slight 
drafts are used to permit withdrawal without 
injury to core or casting. Small holes for tap- 
ping are usually cast to root diameter of thread 
with standard draft added. Standard drafts 
are as follows, expressed in the amount of draft 
per inch of depth. (These figures may be re- 
duced but will probably involve more frequent 
replacement of cores.) For holes less than !. 
in. the draft is 0.015 to 0.020 in. on diameter; 
for ', to 1 in. draft is 0.010 in. on diameter; 


and cores more than 1 in. require 0.010 to 0.030 


in. on diameter, depending on size and design. 


Three Alloy Systems 


The great bulk of aluminum alloys used 
in dic castings falls into three main groups: 
(1) Aluminum-copper alloys, (2) aluminum- 
silicon alloys, and (3) aluminum-copper-silicon 
allovs with or without further additions of 
nickel or other elements. 

Copper is added in amounts varying from 
f to It 


additions of copper render the resulting alloys 


(occasionally higher). Increasing 
progressively harder and less ductile, and at 
the same time lower the melting point, increase 
fluidity, reduce shrinkage, and thereby improve 
the casting properties up to the point where 
excessive hot shortness makes it impossible to 
eject the casting from the die without breakage. 
Copper has a tendency to reduce the corrosion 
resistance of aluminum. 

Silicon is added in amounts varying from 
2 to 13%. 


gressively harden the alloy and improve casting 


Increasing additions of silicon pro- 


properties. At the same time corrosion resist- 
ance is maintained. 

Kase of casting increases with additions of 
silicon up to the eutectic composition, which is 
11.6°. silicon (both with and without the pres- 
ence of commercial amounts of iron). A 10 to 
12’, silicon composition is widely used. Al- 
though the chill resulting from dies or perma- 
nent molds probably displaces the eutectic 
composition and temperature to the “modified” 
eutectic point (138 to Li. Si), commercial die 
castings with 13°, silicon may show some free 
silicon (with consequent decrease in ductility) 
at points where the chilling is, for some reason, 
insuflicient. Free silicon is much less evident 
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in alloys with silicon from 11 to 12.3°°, and the 


casting and physical properties of such alloys 
are entirely satisfactory. 

The improvements in physical properties 
of sand-cast aluminum-silicon alloys obtainable 
by “modification” before casting, and heat 
treatment after casting, have been frequently 
described. In die casting practice, such modifi- 
cation by special fluxes or reagents is not neces- 
sary nor even beneficial, because the rate of 
solidification is sufliciently rapid to produce a 
fine grain. 

Heat treatment of aluminum-silicon die 
castings is rather seldom done, and is contined 
to annealing (heating for 1 to 2 hr. at 750° F., 
followed by slow cooling). This increases duc- 
tility at the expense of tensile strength. <A 
typical effect is to reduce the Brinell hardness 
on a relatively thin section from an average of 
93 to around 65. 

Aluminum-silicon alloys combine advan- 
tages in casting properties and = corrosion 
resistance over the series of aluminum-copper 
alloys, but the latter are occasionally preferred 
for special purposes such as ease of machining 
and for their brighter color. Silicon imparts a 
slightly bluish tinge. The aluminum-silicon- 
copper series, therefore, has been a natural and 
successful result of efforts to combine the ad- 
Nickel 


additions are especially useful in brightening 


vantages of both the preceding types. 
the color. A comparatively large number of 
analyses used in commercial practice is largely 
a reflection of varying individual preferences 
among manufacturers and users. Some typical 


alloys are given in the table. 
Impurities in the Alloys 


Alloys of aluminum with one or more of 
the elements copper, silicon, and nickel cover 
all but an insignificant percentage of present 
commercial alloys. Other elements such = as 
manganese, magnesium, iron (except where 
present in small amounts as impurities) are 
not usually introduced. Zine is frequently used, 
and tin occasionally, as additions to sand-cast 
alloys, but they are rarely used for die castings, 
as both elements produce hot shortness, thereby 
impairing the casting properties without bene- 


fiting the mechanical properties. Furthermore, 
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zine tends to lower corrosion resistance; it Is 


undesirable in amounts exceeding 1.0 and is 
preferably kept below 0.75',. More than 1.0 


leads to the suspicion that low grade aluminum 
scrap has been used by the manufacture 
Commercial aluminum die castings usually 


contain more than 1 of iron regardless of the 


ire put into the allov for the same purpose 
Nickel is not regarded as a harmful 
vredient in the allovs containing copper 
Good grades of secondary or scrap alumi 
num may be used in the preparation of the 
allovs in admixture with primary metals, but 
mixture 


only when thre is properly controlled 





Cover and Frame for Potentiomete) 


Illustrate Intricacy of 


( ase, 


Pyrometer Designs 


Die Cast of Aluminum Alloys. One con- 


tains many holes, cored in three directions 














original source of the raw material; it is ab 
sorbed by the molten alloy from the melting pot 
and other parts of the machin Iron acts as a 
hardener in all the alloys shown in the tabl 


the working range may be considered as 1 to 


2 for iron; a larger percentage causes thre 
alloy to become sluggish in the casting opera 


tion and brittle in the finished product. Man 
ganese has an effect somewhat similar to iron. 
but 0.75 or less is of some slight advantags 
to aluminum-silicon allovs in counteracting thi 
coarsening and embrittling effect of excessive 


Iron At times, small additions of chromium 
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by analvsis Good clean sheet clippin Ss, or thre 


SOUTCE al 


} excellent 


equivalent, constitute a 
secondary aluminum, their form being evidence 
of a clean history In veneral, the desirabilits 
of aluminum scrap for this purpose decreases 


steadily with repeated remeltings 


Typical Commercial Alloys 
Selection of aluminum die castings for 
variet\ 


various purposes has resulted in wide 


of allovs \ committee of the American Societ 


for Testing Materials has conducted an extended 











PROPERTIES OF ALUMINUM DIE CASTING ALLOVS 


are not usu- 


castings 


ally required. Ordina- 
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given by R. L. Templin 

in “National Metals 

program of tests on 12 typical ones. Seven of Handbook,” 1930 Edition, p. 610, for machining 


them, as given in the table, are quite representa- 
tive of the range of present commercial practice, 
it being understood that compositions may vary 
somewhat from those in the table according to 
particular requirements. Some of the compo- 


sitions are patented, but are being used by 
numerous firms under licensing arrangements 
which offer no restriction to their availability. 

Numbers 4,5, 9% 


most extensively used, but the others, together 


and 12 are probably the 


with slight variations or combinations, have 
many applications. 
It should be thoroughly understood that 


the mechanical properties quoted for die cast- 
ing alloys are usually based on special test bar 
Differences of 


pounds per square inch are found between flat 


specimens. several thousand 


test specimens |, by 's in. in the reduced section 
and round test specimens !, in. diameter = in 
the reduced section. Individual specimens cut 
from die castings give widely different results, 
depending on the thickness of the wall and the 
manufacturing practice. Results of tension and 


Impact tests on die-cast’ bars, tested without 
machining, as given in the table, are most useful 
as a comparison of the physical properties of 
different test 
pieces under identical conditions. 


Selection of alloy 


compositions in pressure-cast 


for a given die casting 


depends largely on the type, size, and use of 


the casting. In addition to casting and physical 


properties, consideration must often be given 


to such items as color, machinability, ease of 


plating, surface hardness, and resistance to 


COPTOSTION, 


Extensive machining operations on die 
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aluminum are applicable. 

lor turning operations on aluminum-silicon 
allovs, tool bits or tips of the tungsten carbide 
from 10 to 


the 


materials have been found to last 


than 


the 


20 times longer without regrinding 


best grades of high speed steel with same 


feeds and slightly higher cutting speeds. 
Sand blasting 


standard equipment suitable to the size and 


can be performed in any 


quantity of the work. <A fine, clean sand should 
be used (such as No. 1 to 's. flint) and renewed 
frequently to avoid discoloration. A sand 
blasted surface tends to show finger prints and 
other handling stains, which can be overcome 
by dipping into a thin oil. Sand blasting forms 
an excellent preparation for painting, ecnamel- 
ing, and lacquering. 

Paint and lacquer can be applied by stand- 
brushing, or dipping. 


the 


ard methods of spraving, 


The only necessary precaution is to clean 


surface by sand blasting or washing with com- 


mercial cleaners. If cleaning is not feasible, 
use a priming coat of asphaltum-base paint. 
Scratch brushing produces a= satin finish 


similar in appearance to roughly etched glass; 


it is accomplished by a revolving wire brush. 
Castings should be thoroughly cleaned of oil or 
dirt. 


is Obtained on castings which have been first 


Lhe most satisfactory seratch brush finish 


dipped in an alkaline solution and then in acid. 
Bright dipping imparts a dull white, some- 


what satiny appearance to various fabricated 


forms of aluminum, including die castings. 
Since the alloys usually contain a certain per- 
centage of added silicon, it is necessary (after 


etching the castings with caustic or alkaline 
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cleaning solution) that the acid bath used for 
brightening should dissolve the silicon set free 
or exposed by the etch. The best mixture is 
of hydrofluoric and nitric acids in a dipping 
tank lined with pure sheet lead. A muriatic- 
nitric acid mixture is commonly used for 
aluminum sheets and aluminum-copper alloy 
castings. Unsatisfactory bright dipping opera 
tions are sometimes attributable to the use of 
muriatic instead of hydrofluoric acid on alumi- 
num-silicon alloys, the use of the acid in a stone 
crock or the like, the use of acid which has 
become neutralized or diluted or which has a 
top coating of oil accumulated by dipping im 
properly cleaned castings. In handling the 
hvdrofluoric-nitric acid mixture, great care 
must be exercised not only to protect clothing 
but to avoid severe acid burns. 

Ball burnishing atfords a highly economical 
means of putting a satisfactory finish on small 
die castings, although it is not equal to the 
regular emery, polish, and color-buff operations 
Phe castings are agitated in a wood-lined barrel 
with a soap solution and steel balls 

Polishing operations impart the highest de- 
gree of mirror-like finish to vacuum cleanet 
parts, domestic utensils, and ornamental work 
\ sequence of four will give excellent results 


(1) Emery on a glued rag wheel, (2) emery on 


a felt wheel, (3) buff on a stitched rag wheel, 
and (4) color on a built-up rag wheel 

lhe first emery operation may be conducted 
with No. 100 emery or coarser, dep nding on 
the amount of preliminary dressing necessary 
to remove nicks, seratches, and die checks 
Before proceeding to buff and color, the entire 
surface should be ground with emery of No 
lo) grade or finer On castings with plain, 
uninterrupted surfaces, the second or felt wheel 
emery operation can frequently be omitted 


Otherwise, it is useful in avoiding “drag marks” 


due to rag wheels catching In the edge of cored 
holes \ somewhat lower srade of tinish can 
bye iccomptlished at considerable saving in cost 


bv climinating the emery operations and simply 
bufling 


Plating can be done with anv of the com 


ma coloring 


mon plating metals such as nickel, brass 
chromium, and silvet The procedure was «i 
scribed by H. Kk. Work in Metrat Prognuess for 
April, 1951 

Ovidized and colored finshes coppel 
brass, and silver plated castings can be produced 
by the same methods commonly emploved 
obtaining these finishes on the solid metals, o1 
plated base metals other than aluminum. Oy 
idized finishes should be protected by a= thin 


coat of lacqu I 
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PRACTICAL IMPORTANCE 





OF 


SPECIFICATIONS... 





FOR MATERIALS . 





MERICA is the land of the Biggest, the 
Best, and the Most. We have the biggest buildings, 
the best mass production methods and the most 
money. These are the objectives of a new, virile 
and cnergetic country and we are that. We play 
hard and we work hard. When something ap- 
ye als to us, we take if seriously and senerally 
end up by overdoing it. This applies even to the 
making of specifications. 

Most specifications have their good points 

which largely accounts for their present 
multiplicity. On the other hand, some specifi 
cations are bad, and it is primarily the inability 
to make and use them properly that has pre 
vented many from enjoying the benefits which 
might come from their use. The importance 
and, to some extent, the unimportance of speci 
fications are, therefore, the two subjects for this 
discussion. 

The subject is not a new one. It was dis 
cussed by Charles B. Dudley, then president of 
the American Society for Testing Materials, in 
1903, in an address before that body, in order to 
crystallize into definite statements the require- 


ments for good specifications. So well did he 
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accomplish his task that he became recognized 
as “the father of specifications.” Since his day, 
so many have contributed their ideas that it 


would obviously be impossible to list and give 


credit to each. A few, however, may be men 
tioned: N. F. Harriman, Dean Harvey, and J. W. 
Bancker. Their contributions have been out 
standing but it should not be thought that 


they stand alone and unequalled. 

As recently as June 25, 1931, a joint meeting 
of the American Society for Testing Materials 
and the Western Society of Engineers discussed 
“The Economic Significance of Specifications for 
Materials.” This was a fresh indication not 
only of the vital interest the subject held, but 
also of a developing realization that some sort 
of rationalization was necessary in order to 
make clear in the minds of many the practical 
importance of specifications. 

In order to avoid the pitfalls of straying 
from the subject during the present discussion, 
it seems best to examine the title critically, with 
the purpose of definitely fixing our objectives. 

The three words which lend import to the 


title are (1) practical, (2) specifications, and (3) 
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materials. “Practical” is taken to mean “sus 


ceptible of be ing pul into practice, or otf sc rvihe 


or helping to attain useful ends.” By “specifi 
cations” is meant a definition of the buvers’ 
requirements as an adjunct to the purchas¢ 


order. “Materials” include only the basic el 


ments (such as steel in its various mill forms. 


cement and similar products) from which capi 
tal and consumer goods such as tools, devices, 
Phi tithe 


meaning 


structures, or machinery are created. 


now takes on a definite and limited 
It Savs., CSSé ntially, “The Importance of having, 
as an adjunct to a purchase order for the basic 
elements of industry, a definition of the buvers’ 
requirements which is susceptible of being put 


into practice and helps to attain useful ends.” 


We must not overlook the fact that nearly all 
manufacturers of devices, appliances, or equip 
ment are buvers of material. It is also tru 
that the manufacturers of materials are heavy 


buvers of materials thev themselves do not man 
Phi 


therefore. 


ufacture term “buver™” used in this dlis 


applies to every. company, 


CUSSION, 


corporation, or industry lo see just how speci 


fications are put into practice and what useful 


ends they serve is the present problem 
be the 


specifi 


ol 


Material specifications may 


cations of an individual buver, vroup 


trade association, 


all industries buving o1 


buvers of one industry, of a 


olat national 


chnical society or may thr 


joint standard of mak 


ing the material 


Specifications have a general, or indirect 


the 


importance, as well as a specific, or direct 


Indirectly, they tend to s« paral 


thre thie 


portance, 


significant from insignificant, tangible 


from the intangible, and to provide a common 
meeting ground for both buver and seller 11 
rectly. they furnish an eflicient and economical 


basis upon which to deal with materials 














Railroad Organizations Early Recognized the Value of Purchase Under Specifications. Boiler plate, 
rails, ties, fuel represent a few of the items which may safely be purchased in large quantities 
from the several convenient sources, because the essential requirements have been reduced to writing 

PP) 

by 

ii ise 
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When we speak of the general benefits 
which accrue through the use of specifications, 
we mean good specifications. Poorly drawn 
specifications will not, for instance, distinguish 
between the significant items and those which 
have no significance. The more one puts into 
the preparation of specifications the more one 
gets out of them. 

The same remarks apply to the separation 
of measurable qualities from those which are 
intangible. Materials are possessed of both 
qualities, but only those which can in some way 
be measured are of any value. Likewise, in pro- 
viding a means by which the buyer and seller 
may speak the same language, commerce be- 
tween the two is greatly facilitated, and the way 
opened for the more specific and direct benefits 
Which a good specification, properly used, might 


bring to both. 
Light Advantages 


These specific advantages of using good 
specifications may be listed as follows (1) 
they enable the buver to get what he wants; (2) 
the material is of uniform quality; (3) the buyer 
receives goods more quickly and with less 
trouble; (1) he has access to wider markets; 
(5) costs are lower; (6) a suitable acceptance 
basis is established; (7) material becomes stand 
ardized and (8) research is promoted. 

The prime purpose of every specification, 
Whether it be a national standard or that of a 
single individual, is to enable the buver to tell 
the seller precisely what he wants —— and then get 
it. Itis for this one reason, and none other, that 
all specifications are written. It can readily be 
seen that this is of benefit to both buyer and 
seller, and that the importance of this aspect 
cannot be overemphasized. 

Not only does the buyer want material of 
certain qualities, he also wants to be sure of 
continually receiving goods of uniform quality. 
Generally his plans are laid, and his machinery 
set to work on material of unvaryving character. 
Vhrough specifications, the buver has a control 
over his material, and by eliminating trouble 
from this source, his manufacturing processes 
may proceed according to a predetermined 
schedule. The supplier on the other hand, as- 


sured of a definite demand, may stabilize his 
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operations for an even flow of production. From 
this follows, in logical order, the third advan- 
tage mentioned above the minimization of 
delay in securing materials. 

Specifications which adequately tell the 
manufacturer what is wanted, and enable him 
to take proper steps to supply the demand, avoid 
many misunderstandings due to inaccurate and 
inadequate information, which result in delays 
while correspondence or discussion settles the 
issue. Material which is unsatisfactory and must 
be rejected upon receipt is especially expensive, 
for although the cost is not entered in the com- 
pany’s journal, it exists in the form of delayed 
production which may amount to more than the 
original cost of the material itself. One’s ability 
to secure goods of right quality without delay 
depends not only upon his being able to supply 
essential information to a certain supplier, but 
also in being able to choose between a number 
of manufacturers, scattered perhaps throughout 
the country. The possibility of choosing from a 
wide market is still another advantage. 

In providing a wide choice of manufactur- 
ers from which the prospective purchaser may 
select one or more to fill his needs, one of the 
first services rendered is that of sweeping away 
trade names and other unsatisfactory restric- 
tions. By such devices the buyer is limited by 
what he knows from experience about a few 
products; with his choice thus narrowed, he is 
at the merey of a few producers. Furthermore, 
it may be an economic necessity to buy soods 
from Coast to Coast when plants are scattered 
throughout the country. In order to save freight 
rates and delays, it will be necessary for each 
unit to purchase from those suppliers in its im- 
mediate neighborhood. Yet each shop is de- 
signed to turn out exactly the same product and, 
consequently, must be supplied with exactly 
equivalent material. Specifications assure this 
wide market of equivalent material. 

They go further; they assure it at the lowest 
possible cost consistent with the quality demand. 
This possibility of securing low prices is, there- 
fore, another item of practical importance which 
is attached to the use of specifications. Because 
the supplier knows what is demanded of him, 
he can avoid trial-and-error methods in order 
to meet the buyver’s demands. This fact, com- 


bined with the consequent stabilization of prod- 
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Precise Requirements of 
Electrical Materials Have 
Been Responsible for Many 
Widely Used Specifications 





uct and producing proce 
esses, makes it possible lo 
otter lower prices to the 
buver. Not only are actual 
costs reduced in the manu 
facture of goods and these 
savings passed on to the 
consumer, but the pur- 
chaser, having access to a 
wide and hence compectitive 
market, is enabled to set 
supplier against supplier by 
means of instituting com- 
petitive bidding. The com 
peting bidders are asked to 
supply equivalent services 
and values at prices reflect- 
ing their varying degrees of 
skill and initiative. 


The suppliers, in their 








eagerness to obtain = § an 
order, often overestimate 
their ability to produce goods of a certain qual 
itv at the price quoted. Unless specifications are 
ised as a basis of acceptance, the buver may 
receive goods of inferior quality from a pro 
ducer who has over-reached himself. 

This provision of a suitable basis upon 
which to accept goods is another very useful 
end to which the specification may bye put 13 
stating exactly what testing or analysis Is re 
quired and to what extent inspection will tak« 
place, the producer knows’ beforehand thi 
standards his product must meet in order to bi 
accepted. The provision for uniform. inspe« 
tion, testing and analvsis does away with dis 
crepancies which might and often do cause 
controversies. 

\ specification, which by wide use and 
agreement has become a national standard, is 
of more importance than one set up by a singlk 
Material 


national specific ation becomes a standard prod 


buver manufactured to such =a 


uct, known throughout the industries. Manu 
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facturers are prepared to supply it in the most 
eflicient and economical manner, while thos 
who buy know from experience what to expect 


of the material its potentialities and limita 


tions and have built their product around thi 
uniform qualities of the material fhe advan 
tages of a wide market, uniform’ product, 


quicker and easier deliveries, and lower costs 


are all open to the user of a national standard 


A pplication to Specialties 


And vet, new specifications by individual 
buvers are becoming more and more numerous 
lhis is essentially due to the thought that 1 Spe 
cial use or application justifies certain special 
ized requirements. The buyer may or may not 
be pustified. but lam inclined to believe that too 


often he has not recognized the undoubted tact 


that a material conforming to a= specification 
already written (perhaps a national standard) 
would be satisfactory for his use with only 
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minor restrictions on such items as tolerance, 
workmanship, or finish. 

Quite apart from the direct benetits of speci 
fications as just noted, and vet intimately tied 
up with their use, is their value in) promoting 
research. The buyer (in making a new specifi 
cation or in considering the value of a national 
standard) and the seller (attempting to meet the 
provisions and limitations placed upon his prod 
uct in the most cflicient manner) will both be 
led to examine critically the product and its pos 


This research may go only so far as 


_ 


sibilities. 
lo develop cllictency in handling the product, or 
it may develop new uses and potentialities hith- 
erto unsuspected. It may even lead to the re 
jection of one material in favor of another. 
Revardless of the exact outcome, certain benefits 
of a permanent nature are sure to result) from 
such tvestigations. 

While this discussion is concerned only 
with the practical importance of specifications 
In use and not with their preparation, vet in 
order to secure the potential advantages thes 
must be properly drawn up. A few words on 


that subject may not be amiss. 


Clarity and Brevity Essential 


\bove all, specifications should be clear and 
complete. Ambiguities of meaning or lack of 
vital requirements or instructions will rob the 
specification of all its value. On the other hand, 
severe restrictions should be avoided; limita 
tions, While they may come from chemical anal 
vsis, physical tests, microscopic examination, of 
methods of manufacture, should be governed 
strictly by the service desired. It is service that 
the buver wants not a mass of physical or 
chemical data. 

Clearness, completeness and sane restric 
tions can be attained only through the joint 
efforts of buver and seller. The material has 
two aspects, both of which must be taken into 
account first, the problems of its manufac 
ture; second, its use by the purchaser. Without 
a clear understanding of both sides, gained only 
through the cooperation of producer and con- 
sumer, Incongruities will quite likely appear to 
wreck all the fondest hopes of the specification 
writer. 


Due to the steady progress of industry, no 





specification, however well written at the time, 
can stand long without occasional revision. 
New products and improved methods of manu- 
facture constantly tend to change the original 
conditions. Above all, therefore, the specifica- 
tion should be open to revision. 

Not only should the specification describe 
exactly what is wanted, but such qualities as 
are desired should be subject to tests, analyses 
and inspection. When these are well known, 
mention alone is all that is needed, but when 
new methods are used or different results are 
expected, adequate descriptions should be in- 
cluded. Inspection by the buyer or his repre- 
sentative is essential if he is to be assured that 


the tests and analyses are impartially made. 


Method of Enforcement 


Phe extent to which material should be 
subjected to inspection should be clearly stated 
and this, in turn, depends largely on its im- 
portance. If the material is ordered in large 
quantities or if its failure in service would mean 
costly delays in production or loss of life or 
money, then constant and rigid inspection 
should be employed. Wherever practicable this 
should be performed at the point of manufac 
ture. On relatively unimportant material bought 
in small quantities, less frequent inspection ts 
necded, 

fo sum up: The practical importance of 
specifications hinges directly on their ability to 
assure the buver he is receiving exactly the 
voods he orders. In the competition of trade, 
particularly in regard to heavy products under 
mass production, it is essential to know that 
materials are furnished according to specifica- 
lions. Adequate specifications for materials 
with competent inspection assure to the buyer a 
Inaximum usefulness and serviceability of mate 
rial ata minimum of cost. The efficiency of any 
organization is measured thereby. 

While a large percentage of buvers cannot 
maintain the expert personnel or research facil- 
ities to write adequate specifications, all want to 
increase their efliciency. They can do this by 
utilizing standard specifications, materials, and 
the facilities afforded by research institutes and 
commercial testing laboratories organized for 


this purpose. 
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ELECTRIC EYE 





MEANS ACCURATE 





HEAT TREATMENT 








HE electric eves have it lhe marked Phe localized heating required to harder 
superiority. of the photo-electric cell over th these tips was formerly done by two men, On: 
human eve in measuring light intensitv and of them set the valves tip-end up in clamps a 

olor has won for it a place in steel treating the bottom of a revolving circular tank filled 
lhompson Products Co.. Cleveland, manu with soluble oil to a level which exposed onk 
facturer of valves for aircraft and automobiles, the tips. The second man heated these tips will 
has for a long time hardened the tip ends of an oxv-acetvlene blowpipe as they came by. His 
tutomobile valve stems where thev ride on the eve was the only gage of temperature, and h 
lappets (A drawing on the following pag experience had to be considerable, for ther 
shows the valve mechanism of a typical auto was a difference of 125° F. in the harde 
mobile valve the hardened tip of the valve is temperatures of the various air-hardening val 
shown in the lower part of the sketch, just be steels used 
low the spring and spring clip The tappet Production of these two men was somewha 
surmounted with a pair of adjustable lock nuts over S00 valve tips hardened per hr Con 
is just below it; proper clearance between the pressed gas cost about STLOO In ao oni 
valve and the tappet is made by these hardened working day 
nuts.) With everv revolution of the camshaft. Substitution of automatically controlled 
the tappet is raised, which in turn lifts the valve electric heat for the blowpipe and of the el 
to the open position. As the cam turns, the tric eve for the human eve has increased pro 
spring closes the valve. A soft tip on the valve duction slightly (to about 590 per hr but now 
would soon mushroom and disturb the delicate one man is able to do all the worl Further 
adjustment in clearance. idvantages consist of a total cost of Se for the 
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Electrodes are machined in several 


avoided. 
standard sizes and can be installed on the ma- 
chine in a minimum of time to accommodate 
valves of various dimensions. 

The operator has merely to insert the valve 
in the jig and press a button which starts a cur- 
rent of 2000 amp. at one volt, through the elec- 
trodes. The heating apparatus is very similar 
to a resistance welding machine, consisting, as 
it does, of electrodes for carrying a current 
which comes from a transformer giving the nec- 
essary high amperage and low voltage. The 
valve tip heats fast, reaching a visible red in 
less than a second. When a certain color is at- 
tained, the photo-clectric cell opens a sensitive 
relay. This, in turn, opens the main line relay, 
Which cuts off the current on the heating 
medium and at the same time opens the jaws of 
the electrode. 


weight down the chute and into the quenching 


lhe valve then drops oft its own 
tank. Between 6 and 7 sec. is all that is re- 
quired for the entire operation, including plac- 
ing the valve in the Jig. 


How the Cell Works 


The photo-electric cell is actuated by the 


frequency of the light waves emitted by the 





Typical Automobile Valve Mechanism 





current used in a nine-hour dav; greatly in- 
creased accuracy in temperature measurement 
(the photo-electric cell is accurate to within 15 
of the desired temperature); and, consequently, 
more uniform hardening from piece to piece. 
Localized overheating is avoided by proper de 
sign and maintenance of electrode clamps. 

As shown by the accompanying photo- 
graphs, the device consists of copper clectrodes 
which both grip and carry heat to the valve tip, 
a simple jig to hold the stem and valve in place 
during heating; a photo-electric cell, and the 
necessary electrical equipment including trans- 
formers, relays, batteries, and resistance coils. 
Multi-jaw electrodes are always in place on 
the machine so that undue wear (which would 


cause a sparking effect and pit the steel) can be 
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Hardness Zones Produced in Two 
Valve Steels by Electric E ve Device 
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Valve Tip Hardening Appara- 
tus. Photo-electric cell is focus- 


sed on the work by a telescope 





As the 


temperature of the metal rises, 


valve tip when at heat. 


its color changes cause an In- 
crease in the number of light 
waves emitted When these 
strike the cell, electrons are re 
leased from the cathode and 
flow to the anode in a quantity 
which varies directly with the 
frequency of the light) waves. 
This flow of electrons forms an 
electrical circuit, the current in 
which is so very small that it 
must be amplified by tubes 
similar to the amplifiers in a 
radio before it can actuate the 
first relay mentioned above. 
When this amplified current 
reaches a predetermined magni 
tude, the relay is opened and the 


main line heating current ts cut 


off by the action of the second 








relav mechanism 

lo set the device so that it 
will quench the valve tips from just above thei 
critical range, it is therefore necessary to make 
adjustments in terms of milliamperes rathet 
than in degrees. Manipulating a knob on the 
control panel is all that is necessary 

lwo analvses of steels are regularly used 
by Phompson Products Co. for automobile 
Silcrome steel, containing 9.5 chro 


valve S 


mium, 3°, silicon, and O.45', carbon, is used for 
Intake valves are forged from 


nickel, 0.60 


exhaust valves 
SALE. 31100 steel containing 1 
chromium, and 0.40%. carbon. Both steels are 
air-hardening but for convenience in handling 
they are quenched in oil after being hardened 
on this machine. Quenching temperatures are 
Io0) FL and 1550) F. respectively 

The drawing on the opposite page shows a 
tvpical cross-section of the tip end of the valve 
after hardening and indicates the relative posi 
tion of the electrodes. The hardened area is 


cup-shaped and extends about half way down 
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into the tip Exhaust valves of the silerome 
stec] show an average hardness between Rock 
well C-535 and C-ot after hardening. SALE. 3110 


stecl, used for intakes, hardens to about (¢ | 


er C.-)2 


I] idness decre mes, of course. tow mal thas 


harrow band of transitional steel between thr 
hardened ij mid ive cabpie led valve stem In 
this rat ue the silerome valves show I or | 


on the Rockwell. while those of S.A] 110 


usually are recorded around ¢ I} 


fhe stem remains soft despit its air-hard 
ening tendency because of the very short tims 
at heat and because the stem is long enough to 


be a rapid conductor \ reading of C-28 is ob 
tained on almost every silcrome valve stem, with 
(-20 as the usual reading of S.A.E. 3110 valves 

Distortion is never experienced, nor. is 
overheating, because of the close temperature 


control So localized is the heatin that dis 


coloration is contined to the tip 














ALLOYS USED IN 





MACHINE TOOLS... 








HEN studying the history of man, we 
lind that tools have played a highly important 
part in his development. In brief, man has been 
described as a tool-making animal, for without 
tools he is nothing, but with tools he is all. In 
the broad meaning, “tools” includes all the 
diverse ramifications of hand tools. utensils, 
machinery, and power-driven tools. 

lo bring this paper within measurable lim 
its it will concern itself with power-driven, semi- 
automatic, and completely automatic machine 
tools. A “machine tool” is a device, manually 
or power operated, for the fashioning of parts 
by cutting, shaping, bending, or the removal of 
material As a further limitation, | will discuss 
only those machine tools that are used in work 
ing metals, including such tools as lathes, plan- 
ers, shapers, milling machines, drills, and 
erinders. 

History of machine tools in’ the United 
States goes back approximately 100 vears, 
although most of the important developments 
have taken place since the Civil War in fact, 
since 1880. Materials entering into the construc- 


tion of the earlier lathes, shapers, and drills 
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consisted of a bed or frame of cast iron, a 
medium carbon steel for the moving parts or 
those more highly stressed, wrought iron for 
levers, bolts, and screws, and usually a_ high 
carbon tool steel for parts to be hardened to 
resist wear. Some cvanide hardening was done 
by bringing the heated parts in contact with 
powdered cvanide to produce a superficial 
hardness. A few of the older plants had learned 
the art of carburizing with solid carbonaceous 
materials, but others, due to lack of equipment 
and knowledge, for vears depended on_ tool 
stecl for hardened parts. Bearings consisted of 
either babbitt or bronze. A turret lathe of this 
decade is shown in the lowest illustration on 
pages IS-19. 

Evolution in machine tool design and con 
struction has been the result of a tug of war 
between the producers of cutting tools, of the 
materials to be cut, and of the machine tools. 
At first, the user had a few simple alloys to cut, 
namely, the ordinary carbon. steels, wrought 
iron, cast iron, and the brasses and bronzes. 
Po cut them he used quenched and tempered 


carbon tool steels, which could not cut at a high 
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rate of speed without overheating the edge and 
drawing the temper. Fairly light machine tools 
were therefore strong enough to withstand the 
stresses placed on them for such moderate duty 
Soon after the beginning of the last half-century 
of progress, the Mushet or self-hardening tool 
steels were being introduced into the more pro- 
gressive shops. These could be operated at 
faster speeds and deeper cuts, and therefore 
put heavier requirements on the machine tools 
Still later. high speed steels were discovered 
ind by 1910 were sufficiently well known almost 
completely to revolutionize machine tool design, 
increasing the weight and strength to withstand 
the heavy stresses put on them when the new 
tools were used to their full capacity. 

For a considerable time during the earliet 
vears of the automotive development, thre 
changes in machine tool design were chiefly 
ilong the lines. of perfecting the machines 
already existing. <As the demand for greate! 
production developed, the machines were made 
somewhat heavier and more accurate, with 
sreater power and increased range. This trend 


is shown in the second illustration overleaf 
Design and Materials Changed 


As inferred above, the deve lopment of high 
speed steel and the advent of the electric motor 
for driving were the two factors which largely 
iffected the change in design and change in 
materials of construction of machine tools. High 
speed steel allowed greater cutting capacity and 
freater power Tot 


‘ 
> 


the electric drive provided the 
driving. Gear trains replaced screeching belts 
for reversing mechanism. These, combined 
with the ever-increasing demands for more and 
more motor cars at a lower price, were the out 
standing factors in the increased size, speed, 
md capacity of machine tools. At first, cast iron 
ears were used in the driving mechanism; later, 


untreated steel gears were installed. Finally, 
case hardened carbon steel LCaArs were required 
bv the all-geared head, shown in the third illus 
tration on pages 48 and 19. 

Then came the advent of stellite tools with 
still further increased cutting capacities, thus 
increasing still further stresses on the machin 
Even during the past three vears the develop 


ment of tungsten carbide cutting tools, and more 
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recently tantalum carbide, has led to the belhet 
that a revolution in machine tool design would 
result However, it now appears that the neces 
sarv changes will be simply another evolution 

While this struggle between cutting tool and 
machine has been going on, the developments 
in materials of construction have been proceed 
ing steadily Higher and higher alloved, heat 
treated steels are being machined; their hard 
ness and toughness have been constantly in 
creased, thus putting vreater stress on both thre 
cutting and machine tools The ideal toward 
which production engineers are working seems 
to be il steel which can be completely heat 
treated in the rough, and a machine tool which 
can finish the surface of this hardened and 
toughened alloy at a high rate of speed and 
without damage to the part, to the cutter, or to 
the machine tool 


In order to realize these demands, it has been 


necessary ror machine tool builders to adapt 





High Cutting Speeds Are Made Possible by 
the Design and Materials of a Modern Lathe 

















study, I will discuss the materials going into the 


these higher strength alloy steels to their own 


production before their machines could stand up production of a turret lathe, since this is the 


product most familiar to me. 


to the stress of high speed production without! 
It is natural that the tool builder will bor- 


being unnecessarily heavy and clumsy. It may 


fairly be said that manufacturers of machine row much information from the automotive in- 


tools have kept pace with the cutting tool de- dustry, his best and his most rapidly moving 


velopment, and at present, the use of motor- customer, Consequently, alloys in general use 


driven, all-geared head with chromium-nickel are most of them defined by the Society of Auto- 


steel gears and alloy steel shafts is the average motive Engineers specifications. 


rather than the occasional. In fact. the 16-ft. With few exceptions, all alloy steels are 


machine shown in the top) illustration, rep- heat treated before use, the proper heat treat- 


resentative of today’s practice, and weivshing nent developing in them the best combination 


22,000 Ib., is largely constructed of heat treated, of physical properties they are capable of pos- 


alloved metal. It has two distinct types of gray sessing. In respect to the effects of heat treat- 


cast iron, a malleable iron, six grades of plain ment, each steel must be considered by itself. 
: : g ‘ 


carbon steel, six or eight allov steels (not in- Developments in alloy 


steels and in the heat treat- | 





cluding those in the roller and ball bearings), 


two brasses, four bronzes, copper, aluminum, ment of steel have occurred Individual Elect 
lead, and babbitt. simultaneously during the Votors and Complet 
A survey of the industry in the Middle West, past 30 years, and care is iy a aelans ee 
which includes manufacturers of radial drills, needed lest the benefits yd S09 I ea 
Changes and Rabi 

shapers, lathes, planers, and milling machines, gained from one be con- Reverse Characteriz 
shows the use of large quantities of 3!.°. nickel fused with those afforded the Lathes Whi 
steels of the carburizing and medium carbon by the other, The highest Were Built in 1%] 


[vpes, low chromium-nickel steeis. and medium merit is obtained from the But even then, carb 
chromium-nickel steels for gears, high duty correlation of both develop- sched 4 ; > 
. , : > standare equipme) 
shafts, and many carburized parts, such as ments, that is, the use of a ; ‘ ms 
Note how rapidly t 


uniform alloy steel heat 


clutches, spline shafts, pinions, sleeves, and anaeell ates af tall 





studs. As a result of this survey, I believe that increases with ye 





the engineering practice of most machine tool 


builders incorporates heat treated alloy steels to 





such an extent that the practice of one builder 


a 


= : a. 


represents rather largely the practice of others. 





Machine tools in themselves are quite similar, 
although they may do dissimilar operations; 
nevertheless, the production or stress demands 


of one are not unlike those of the other. There- 





fore, to bring this discussion down to a specific 





By 1900 the Machine Had Been Strengthened Through- 
out for Heavier Duty, and the Hollow Hexagon Turret 
Introduced, but the Machine Was Still Driven From a 
Jack Shaft, and Cone Pulleys Used for Speed Changes 


An Early 16-In. Monitor Lathe, Manufactured by 
Warner & Swasey in ISS]. All photographs on 


these two pages are ona scale of 3 8 in. to I ft. 
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treated In a distinctive manner. Often the heal 
treatment contributes more to the superior prop 
erties of the final metal than does the use of 
illovs. In fact, a properly heat treated, medium 
priced, carbon steel may be far more satisfactory 
than a poorly heat treated, high priced alloy 

On the other hand, the demands by engi 
neers for hitherto unknown qualities in_ the 
materials which they use, such as a greater 
resistance to abrasion. to severe shocks, strains. 
md stresses, and resistance to corrosion, have 
brought about the use of various alloving el 
ments which, when added in proper proportion 
will produce alloys which usually have physi 
cal characteristics far above those possible in 
thre ordinary carbon steels. 

Passing now to the consideration of definite 
metals and tool parts, we find that the 3 


nickel carburizing steel (containing 0.15‘, cat 
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Wore Speed and Power and Greater Work 
Capacity Are the Order Today, Exemplified 
hy this 22000-Lb. Lathe With a 36-In. Swing, 
12-In. Spindle Capacity, and a 16-Ft. Pan 





bon, corresponding to S.A.E. specification 2351)) 
has been extensively used for important parts 
of high grade tools by the machine tool industry 
for vears. It has gradually displaced the simpl 
carbon steels for parts requiring greater strength 
in the core and more uniform case hardness 
This steel is, without doubt, one of — the 
oldest, best known, and most dependable cat 
burizing steels on the market Phe advanta 
of nickel as an alloving element has been ey 
pounded at length often, but from a production 
managers or from a works metallurgist’s stand 
point its best potnts may be simply stated [hie 
nickel allovs with the iron in the ferrite, increas 
ing the strength and toughness by decreasin 
the grain size of this normally soft and plasti 
bhis iron-nickel solid solution has 


constituent 


i lower critical range than the unalloved tron 


which permits carburizing and quenching from 
lower temperatures, and thus warping and dis 
tortion are minimized Frequently, the rain 
size is so small in the core of a carburized piec 
that the high temperature quench for grain re 

finement may be omitted, a point especially 
valuable for parts that require very hard sur 

face with minimum distortion Consequently, 


intricate parts are made from this material, even 














at an increase in cost or even when physical 
Sleeves, lock 


bolts, and lock bolt bushings are examples. 


properties are not important. 


1 


Higher carbon steels in this series of 3!. 
nickel steels are favored for the highly stressed 
shafts and gears by some manufacturers, but 
their use seems to be somewhat limited com- 
pared to the S.A.E. 3000 series noted below. 

S.A.E. 2512 steel, containing 0.10 to 0.20°, 
carbon and 5‘ nickel, has been called the ulti- 
mate carburizing steel by certain enthusiasts. 
However, it is not used in heavy tonnage by the 
machine tool industry, but finds greater use in 
the automotive field for parts of small cross- 
section where high hardness and = toughness 
are required. This steel will produce approxi- 
mately 40°. better physical properties than 
S.A... 2515, and is used in place of the latter for 
such parts as gears and heavy duty clutches 
requiring the very best physical properties in the 
carburized condition. 


Probably the most widely used alloy steels 





Turning Down a 30-In. Bar of Had- 
held’s Cast Manganese Steel on a 
VWodern Lathe, Using Carbide Tool 
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are those of the S.A.E. 3100 series, made in sev- 
eral carbon ranges from 0.15 to 0.50°°, and con- 
taining 1.00 to 1.50%. nickel and O45 to 0.75% 
chromium. The low carbon grades are used for 
carburizing purposes, the medium carbons for 
general forgings and structural parts, and the 
high carbons for oil-quenched gears. For a 
given carbon content, these steels do not develop 
quite as high physical properties as can the plain 
nickel steels. 

When carburized and double quenched, 
the 3100 steels show excellent toughness with 
slightly higher hardness in the case than do the 


bl! 


nickel steels. When a single quench is 
given to harden the case only, the grain refine- 
ment and toughness in the core are not as good 
as may be obtained underneath the surface of 
carburized 315‘. nickel steels. 

In the range from 0.30 to 0.35‘. carbon, 
these steels find many applications for highly 
stressed bolts, screws, shafts, and rods that must 
possess high torsional values. 

Phe O45 to 0.50! carbon grades are used 
mostly for gears; the high side of the range is 
designed especially for LeCars where greal hard- 
ness is desired. 

Steels with a somewhat higher amount of 
chromium and nickel (the S.A.E. 3200 series) 


are used in a rather small tonnage in compari- 


son with the 3100 series mentioned above. The 
0.40, carbon range, however, furnishes high 


duty shafts for heavy machine tools, while the 
O50 carbon steel is used for highly stressed 
pinions, gears, and where a steel of the 3100 
series with an equal carbon content does not 
answer the requirements. 

Molybdenum steels conforming to S.A.E. 
1110 specification will be found in parts that 
are to be machined after heat treatment, because 
chromium-molybdenum steels of this sort pos- 
sess exceptional machining qualities at high 
hardness. It is not uncommon to machine this 
vrade of steel at Brinell values ranging from 
321 to TIS This steel is therefore used for in- 
tricate parts, such as cross-slide screws and 
racks, requiring fair hardness and high physical 
properties that would be difficult to obtain with- 
out undue distortion in some of the other steels 
heat treated subsequent to machining. 

In our enthusiasm over the development of 


ferrous alloys, we are quite apt to overlook the 
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important role being played by the non-ferrous 
illovs, such as the newly developed bronzes, 
alloys to resist corrosion, alloys of high tensil 
strength and high Brinell values. Fatigue-resist 
ing alloys, others resisting shock, vibration, 
abrasion, and erosion in fact, almost any cop- 
per, zinc, or aluminum alloy is obtainable for a 
large number of engineering purposes. 

Machine tool builders have learned the wis- 
dom of buying metals on guaranteed physical 
characteristics rather than on such open charac- 
terizations as “phosphor bronze” or “manganese 
bronze,” and of considering the ultimate saving 
rather than the first cost per pound. Informa- 
tion about the manufacture, properties, and 
uses of these alloys is not as widely dissem- 
inated, or rather “absorbed,” as are the data on 
steels; consequently, the engineering staffs of 
the producers are freely consulted for advice in 
specific requirements. Makers of these high 
grade alloys have carried out a vast amount of 
research in order to give the consumer an alloy 
best for his specific purpose. 

Heat treatments have been perfected on cer- 
tain types of bronzes, whereby the hardness is 
more than doubled. Bearing manufacturers es 
pecially have made careful studies of the crystal 
irrangement of various alloys in respect to thei 
value as a bearing constituent, the hardness 
value of the micro-crystals having been defi 
nitely determined in order to perfect a more 
eflicient bearing. They have also contributed 
valuable information as to the proper methods 
of installing bearings, proper machining meth 
ods, along with proper lubricating methods 


which we have found indispensable aids for cd 


Signing 


equipment for long life and high 
efliciency, 

Certain non-ferrous allovs are common to 
various machine tools. Among them is an alu 
minum bronze conforming to A.S.T.M. specifi 
cation B-59-28 Grade B, and containing 8&9 
copper, 10° aluminum, and 1 Iron This is 
t hard bronze with high phvsical properties a 
signed to resist shock. and possesses the highest 


fatigue value of anv of the commonly used non 


Strength and hardness can le 


_ 


ferrous allovs 
substantially improved by suitable heat treat 
ment. It makes excellent worm gears and spe 
clal feed nuts 


For similar parts where service is_ less 
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severe, a bronze conforming to S.A.E. No, 62 Is 
used, containing 8&8. copper, 10%. tin, 2o<— Zine 

\ high lead bearing bronze (copper 63 
lead 30°., tin 2°.) has replaced babbitt: bear 
ings in numerous places For other types of 
bearings, where a harder metal is required, a 
phosphor bronze conforming to S \.1 No. 64 
is used. It contains SO 


10 lead. 


For miscellaneous soft ve llow brass « astings 


copper, 10 tin, and 


where cheapness and good machining qualities 
are the main considerations, S.A.E. No. 41 (cop- 
per 65°, lead 4°¢, zine 30°7) is usually specified. 
Castings requiring a high grade red brass with 
good machining qualities and high finish, where 
physical properties are not important, can be 
made from S.A.E. No. 40 (copper 8 tin o 


lead 5°%, zine 5°). 
Alloyed Cast Iron 


While our attention has been directed to 
ward the betterment of steels and the non 
ferrous alloys, the humble cast iron has been 
pulled from the shelf, dusted off, and, with a 
change in diet, has taken a new lease on life. 
This new diet (prescribed in the form of either 
nickel, chromium, or molybdenum, depending 
upon the diagnosis) has brought about most 
encouraging developments in the quality of gray 


Iron castings 


Som vears avo 


prominent manutacturet! 
remarked that the foundries were all fiftv years 
behind the times, but were all up to date, as 
they were all alike This statement was evi 


dently made to accentuate thr prevalent back 


ward condition, and probably was not strictly 
true then, as it certainly is not now. One thing 
s certain that the demands pul forth today 


by industry for castings of higher quality have 


brought about better methods of control and 


cooperation between the manufacturers 


( lose I 


md users, with most salutary results for th 


quality and reputation of this invaluable engi 


eeriIng material lhis is a matter, however, 


beyond the scope of the present article; Tam 


ilad to stat that despite the use of advanced 
allovs and heat treatments, both for steels and 
ion-ferrous compositions, — thi machine tool 
builder welcomes the advent of harder, to hes 


more wear resistant, stronger, cast iron 




















The Bolt Machine 




















1D BA, !N RETROSPECT, appears to b 


chiefly a vear of personal and 

business anxiety. So many plans for betterment 

or for study have been postponed it) would 

almost appear that the progress to be recorded 

is the tapering effects of things started in mors 
prosperous and hopeful times. 

Metal has been smelted or refined at such a 

low proportion of capacity that improvements 


by mass production have 


A Year's 


Progress 


been impossible. Operators 
have rather given attention 
to the smaller furnaces and 
more flexible mills for turning out a small order 
quickly. Some noteworthy advances have been 
made in our knowledge of steel making, such 
as the production of ordnance steel at Water 
town Arsenal with ferrozirconium instead of 
ferromanganese, and the manufacture at Pitts 
burgh of big heats of clean steel with silico 
manganese doing the bulk of the deoxidizing. 
Such methods of conserving manganese will be 
of 


when our imports of that necessary metal are 


great importance in any future emergency 
restricted 

Engineers are giving increasing attention to 
the forge shop — that department which, to the 
casual observer, seems to be most wasteful of 
heat, metal, and labor. Studies on the effect of 
“reducing” atmospheres have proven that too 
large an amount of unburned fuel is necessary 
to prevent scaling or even to reduce it materi 
ally. Improvements in methods of combustion 
and in recovery of the waste heat offer better 
chances of economy. Great possibilities lie in 
the heating of billets in a muffle containing a 
controlled atmosphere; it will minimize scaling 
and grain growth, and under certain circum 
Stances may eliminate some subsequent heat 
treatment. 
Excessive costs of dies for drop forgings 


made by the hundred thousand have caused 
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the introduction of coining operations in the 


tool room master “types” are pressed into hot 


blocks, making a correctly shaped die needing 


only surface hardening before mounting in thre 


hammer Competition from accurately mad 


dis astings and the desire to avoid as much 
machining as possible are responsible for the 
production and installation of more rigid and 
precise hammers, presses, and forging machines 


for both hot and cold metal 
In the heat treatment department may lb 
noted a consistent Improvement ino equipment 
better designed furnaces, perfected heating 
elements, more accurate temperature control, As 
to methods, the idea of heat treating under con 
trolled atmosphere is spreading rapidly Vhis 
includes not only gas carburizing and nitriding 
(some alloved malleable castings appear to be 
hardenable by ammonia) but also the heating 
of steel tools in a non-scaling atmosphere and 
the bright annealing of strip, wire, and other 
semi-manufactured parts whose ratio of surface 
to mass tis high Whereas this last-mentioned 
scheme had formerly been regarded as appli 
cable only to articles of high value, to high 
carbon steels which must not be decarburized 
on the surface, or to electrical sheet which had 
to be deoxidized to the limit, 
at least two large groups of 
bell-tvpe furnaces for anneal 
ing the “tonnage” rades of 
sheet and strip have been in 


stalled 


usually find that the furnaces 


recently Operators 





with controlled atmosphere 
have unexpected collateral advantages that is 
to say, they not only perform the expected heat 
treatment eflicrently, but also save money in the 
subsequent manipulation of the metal 

Other noteworthy observations are the use 
of differential heat treatment and the machin 


in of fullv heat treated parts Differential 














heat treatment includes such things as the hard 
ening of only those parts of a shaft or spindle, 
for instance, as rub on the bearings, leaving 
the rest in the toughened condition. The second 
advance mentioned has come about because 
tungsten and tantalum carbide cutting tools are 
able to negotiate metal of a Brinell hardness 
that would quickly ruin 
high speed steel. lre- 
quently, the cost of heat 
treating in the rough and 
then finishing the harder 
metal is less than the 
usual routine of machin 


Wie the soft steel, 





heat treating, straight 
ening, and finally clean 
ing up or grinding to the required limits. 

A notable achievement of the welders ts 
the completion and publication of an extensive 
investigation of hand-made joints in structural 
steel, whereby it has been proven bevond ques 
tion that tested welders working under proce 
dure control in dozens of different fabricating 
shops can turn out work which is commercially 
uniform hy test. Recommended design stresses 
have also been given a rational basis by this 
vreat series of tests. All in all, the result is a 
mass of data indispensable to the designing 
engineer, and everyone now agrees that welding 
will not come into its own until it is properly 
engineered. 

A further impetus for rapid commercial 
development of welded construction has been 
given by the adoption of permissive rules by 
the Boiler Code Committee of the American 
Society of Mechanical Engineers and the various 
regulatory bodies which follow the lead of that 
committee. Many manufacturing organizations 
have also acquired the necessary information 
so they can now produce sound, ductile welds 
in thick plate by cither are or gas processes, 
and, better still, can prove to an outsider that 
they have done so. Constant advances in the 
speed of sound welding and labor saving devices 
are placing the welded joint in a better com- 


petitive position with other joining methods. 
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In the field of theoretical metallurgy One 
discerns a growing interest in pure metals. It 
is apparent that the commercial grades are 
contaminated by a number of elements in 
minute amounts, which frequently have a dis- 
proportionate effect on the physical properties. 
Alloys of pure metal, one in another, afford a 


The state of ag 


continual series of surprises. 
vregation is also receiving more attention in 
studies of the behavior of large single crystals 
and the condition of the metal at the surface of 
sheet and wire. In the latter, X-rays are proving 
a powerful weapon. 
Competition between materials goes” on 
apace, despite the deflation which has struck 
all constructional materials. Such new things 
as cast iron camshafts, cast steel crankshafts, 
and engineered die castings merely emphasize 
the present state of flux which requires the 
close attention of someone in every manufac¢ 
turing plant making any pretense of keeping 
ahead of the times or even abreast of its 


compe titors. 


49 ER TONE: knows that tool steel was about 
the only kind of metal heat treated in the 
average plant 25 vears ago. 


Keven today, when 
a hundred machine parts of plain and alloy 
stecl are treated for every cutting tool, most 
hardening rooms have a pair of small furnaces 
reserved for high speed. Frequently, this equip 
ment is a relic of earlier days, and would cer 
tainly tax the skill of 
the most expert hard- Consider the 
ener to make a tool in Tool Hardener 
it which would pos- 

sess the potentialities existing in the steel bat 
from which it was made. 

Probably the reason why this tool harden 
ing equipment has not long since been replaced 
is that it is called upon to do a very small 
amount of work. When tonrage has to be 
handled efliciently, the most modern furnaces 
are none too good; when equipment puts in a 
day's work a week, almost any make-shift 


serves the purpose. 


METAL PROGRESS 














mula 
thre 


If the metallurgist or superintendent we 


stop to analvze this end ol his lob. Ol have 


cost department do some figuring, he would 
most often discover that whenever it will not 
pay to modernize the high speed furnaces it 
will be cheaper to have someone else who is 
properly equipped harden all the tools at 


most ol 


will find that the 


the high speed steel en 


terme 


= 


his plant is im the 


form ol finished tools. 


Sle ly as drills, { ips, ream 





ers, broaches, milling 

cutters. If he purchases 

tool bits for turning and 

planing, mav turn out 

hat oO of the tools in 

ve service have, in fact, been heat treated 

someone else Qniv in the verv large and 

busv manufacturing organizations will the re 

maining 10 warrant the steady operation of 
special furnaces by a qualified workman 

the difficulty of properly heat treating a 

cutting tool does not reside in an intricate opera 


fion nor a precise temperature control. It is a 
mistake to assume, for instance, that a bevel 
sear presents an easier problem. The facts ar 
these When a plant hardens its own bevel 

irs, there are enough of them coming through 
it regular intervals so a desirable steel can be 


selected, a correct program or time-temperature 


evele can be studied and adopted, and propel 
fixtures and other equipment even furnaces 

built for the job. The metallurgist makes 
sure that the raw steel is right, that his equip 
ment is in adjustment, and that his instructions 
ire Obeved; then the product will be as nearly 
perfect as the program is nearly correct 

Fools can be handled in the same way, and 
ire so handled by a tool manufactures But 
things are different in the average shop Phere 


will be 


One big one and 2O little ones: six others 
will be straight and the next one curved; most 
of them have an ample surplus for grinding; a 
few must be held strictly to size. In a singh 


vet standard high 


= 


day's work the hardener may 


speed, cobalt high speed, non-shrinking steel, 
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likels ms Pot, thre 


\! a 


most deliberate « 


lain carbon tools 


cine requiring the ire is marked 


“Rush All Possible 
It is Obvious ft workman ol Peat 


hat only a 


skill ( aT 


el cl 


intelligence and an expected 


i decent batting iverake it) Ss ribie 


Som his ood others no sé 


sood vel 


md 


in experienced workman can. be 


direct conclusion Prowl 


unl SS 


is that 


emploved steadily enough to keep his hand 


ind his eve right, and to warrant providing him 


vith good equipment under close control, the 
ools he hardens will fall far short of the in 
formitv and cutting abilitv that are demanded 
is a matter of course of drills o1 laps be 
from outside manufacturers 

\n alternative and preferable plan ts t 
send such odd lots to a tool manutacturer (if 
such is within easv reach) or to a commercial 
heat treating plant, where cnough of these sp 
cialties accumulate to make them a routine jol 


Sometimes a_=eslight delay will be involved 
sometimes the cost may seem bit high: b 
cither delay or cost is far less than would result 
from the failure of a tool improperly mad 
home, at a fraction of its expected life 


> such a combination of errors as occul 


now and then, even in an editorial office 
proper and generous credit was not given fol 
Decembers covet lhe photograph was tak 
in Hollywood last Christmas eve, and sh ' 
few of the hundred or more metal “trees” | it 
tbhout the lamp-posts along the Boulevard. la 
tree had 96 electric lights tn 
live colors; half of them, « Excuse lh 
blinkers, produced a shimmet Please ’ 

effect which unfortunatels 
cannot be conveved in a still picture Alternat 
strips ol bright and dark metal lent a strikin 
appearance even in tl davtime Ihe trees 
were designed and patented by Otto kK. Olese: 
md built by the electrical illuminat compa 
Which bears his name 








“HOT WELDING” 





FOR SPEED ... 





AND QUALITY... 





LECTRIC are welding is performed by 
drawing an are between a metal wire and the 
steel parts to be joined. Thus an electrical 
discharge takes place between the wire and the 
joint, and this are is similar, basically, to spark 
and glow discharges. Negative charges or 
“electrons” leave the cathode (the wire, usually) 
and impinge on the anode (the weld, usually), 
while positive charges or “ions” pass in the 
opposite direction, 

The heat developed may be computed by 
the product of the amperes flowing times the 
are voltage times the electrical equivalent of 
heat. (A small addition of heat is supplied 
by burning iron vapor.) Most of the heat is 


developed, however, not in the are itself but 


at the two terminals of the are —— the wire and 
the joint by the bombardment of incoming 
electrons and ions. These are exactly the 


points at which the heat is wanted. 

Under ordinary working conditions, 200 
amp. and 20 volts might be used, thus giving 
a rate of heat supply equivalent to about 5 hp. 


This large quantity of energy is concentrated 
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on an area of less than 0. sq.in., and rapidly 
melts metal at both terminals of the are. <A 
globule forms at the tip of the electrode wire, 
and under the action of gravitation (in ordinary 
horizontal or flat welding) finally overcomes its 
adhesion due to surface tension and drops from 
the wire. It is not carried across the are by the 
electric current. 

The mechanism by which the globules form 
and detach is important. The action of this 
mechanism is improved by certain coatings on 
the electrode, notably such as sodium titanate, 
which produces a more rapid, uniform, and 
placid mode of globule detachment in addition 
to a steadier are. 

In the weld at the opposite terminal of 
the arc, and in the same short length of time, 
the intense heat has melted a crater or pocket 
in the closely abutted edges of the joint. If 
the operation is properly conducted, this crater 
is constantly lined with a thin film of liquid 
metal which flows rapidly toward the rear of 
the crater. Into this crater fall several globules 


per second from the electrode wire. Phey im- 
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mediately spread out and become a part of the 
flowing, liquid film and are swept along to the 
rear of the crater, where they solidify. 

As the are is slowly advanced along the 
joint, the crater moves with it, retaining its 
size by melting constantly at the forward end 
and solidifving at the rear end. In this manner, 
a succession of overlapping craters is formed. 
Behind the are the successive films of metal 
at the rear edge of each crater freeze, forming 
the weld These facts are the basis for the 
sketch on this page, 

The rate of melting is high, due to the 
intense heat, and the rate of cooling is high 
also, due to the rapid conduction of heat by 
the cold metal surrounding the crater. The 
effect from a metallurgical standpoint is similar 
to casting superheated steel into a heavy chill 
mold with a molten lining, the “pouring” taking 


pl we as a stream of globules. 


Effect of Surrounding Atmosphere 


Since the melting and casting operation ts 
carried on in an atmosphere of hot air, a rapid 
reaction between hot metal and oxvgen and 
nitrogen must be expected. Phis reaction Is 
stimulated by the following conditions Phe 
liquid metal is superheated above its melt 
ing point; it is in a finely divided form with a 
large surface phase present; it passes through 
the are (highly reactive, ionized air) a distance 
of about in. from the electrode to weld: and 
even after it has arrived in the crater, the metal 
is spread out as a thin film, and is there exposed 
to severe air drafts and scorification. Although 
the time of exposure of each unit of metal is 
short, the rate of reaction is very rapid and the 
weld metal becomes contaminated and quit 
unlike the original filler wire and plate 

the rapid reactions taking place between 
the exposed molten metal and the atmosphere 
under these conditions are similar in nature to 
those in the open-hearth furnace when melting 
steel that is, thev are oxidizing. A > consid 
erable amount of carbon, manganese, and 
silicon, and sometimes even sulphur, is removed 
Irom combination, and the remaining iron 
contains much oxide. Some of the products of 
reaction are gases while others are solids. In 


addition to removing the above elements, 
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oxygen and nitrogen are themselves absorbed 
rapidly by the metal during this exposure, 
these atmospheric gases are probably in an 
exceptionally active state due to their ionized 
condition 

Some of the solid oxides and the silicates 
formed in the reactions are entrapped in the 
weld metal. Due to the flow of heat from the 
weld, the iron solidifies very rapidly, and slag 
particles do not have time enough to coalesce 
and float to the surface Some of the gases, 
also, such as carbon monoxide, remain. en 
trapped mechanically when the metal cools, 
resulting in porosity 

As a result of these factors, the microscopes 
shows that metal in are welds deposited by 
hand or machine from bare electrodes contains 
oxide and slag inclusions, nitride “needles.” 


and gas cavities Naturally, such metal is not 


=~ 


of high quality It will possess about 10,000 to 


9),000 Ib. per sq.in. tensile strength and 6 to 


12 elongation in 2 in 


Average values for 
workmen of proven ability working under pro 
cedure control will be about 50,000 Ib. per sq.in 
tensile strength (measured at the throat of the 
weld) and an elongation of about & inthe 
2 in. including the joint. This represents metal 


ol acceptable tensile strength for mild. steel 





Showing How Globule Drops From Electrode and 
Is Swe pl hy Electrical Forces to Rear of Crater 


























structures but quite insufficient in ductility for 
steam boilers or members absorbing impact 
stresses. 

The Bureau of Standards pointed out early 
in the art (Fechnical Paper No. 179, 1920) that 
the low ductility of the weld metal was due, 
in part at least, to the excessive amount of 
cavities and non-metallic inclusions in the sam- 
ples it tested. In the intervening vears much 
progress has been made in educating workmen 
how to make cleaner, denser welds. However, 
the ductility did not correspondingly increase 

Recent investigations by Hensel and Larsen, 
reported in’ Mera Progress last September, 
have shown that reaction with the gases of the 
air also embrittles the continuous phase the 
solid metal in addition to producing mechan- 
ical dirtiness and porosity. This is a discovery 
of prime importance to the welding art. 

Nitrogen or oxygen from the air seems to 
combine chemically with the iron and to be 
retained in it'as a supersaturated solid solution 
of iron nitride or iron oxide ino alpha’ iron, 
(It is not vet clear which element is responsible 
for the bad effects noted, although these authors 
attribute the hardening to nitrogen.) Upon 
standing at room temperature for a period of 
two or three days, the familiar aging phenom- 
enon then takes place. Insoluble constituents 
vradually precipitate from this quenched solid 
solution, and cause a very considerable increase 
in hardness and brittleness and a loss” of 
ductility. 

Are welds are usually quite hard and strong 
in spite of the almost complete absence of 
carbon, the usual hardener in commercial iron 
allovs. Hensel and Larsen find that if the nitro 
ven content of the weld is above 0.05°,,. this 
embrittlement is quite marked. Although the 
aging embrittlement can be diminished, as in 
other aging allovs, by annealing the weld and 
causing a more complete precipitation and co 
agulation of the insoluble constituent, this step 
is frequently impracticable. 

Reaction of the molten weld metal with air 
thus appears to be the cause of low ductility in 
the weld from at least two effects: 

1. Mechanically entrapped slag and= gas 
bubbles, and 

2. Aging of the weld metal itself. 


These conditions indicate that if methods 
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Etched Sections of Heavy Plate, About Half 
Size. Best quality of arc welds made from 
hare electrodes (above) contain many slag 
and gas pockets. Combdletely shielded arc 
helow) deposits a more homogeneous 


metal than the flange steel it connects 





could be devised for preventing the attack of 
the ionized atmospheric gases on the hot weld 
metal, its ductility might be raised, possibly until 
it was equal to that of the steel parts being 
joined. How such attempts to exclude the 
atmosphere from the weld or to cleanse the 
molten steel were made, and how well they 


succeeded, is described below. 


Excluding the Atmosphere 


Metallurgists early recognized the oppor- 
tunity to combat the attack of the oxygen of 
the atmosphere upon the weld casting by alloy- 
ing with it those elements which, because of 
their aflinity for oxvgen, are commonly used 
as deoxidizers in the later stages of the steel- 
making process. Less attention was paid to 
the nitrogen of the atmosphere. Aluminum, 
manganese, silicon, and also carbon were tried 
as deoxidizers. If these elements are present 
in the electrode in suflicient amount, they will 
enter the weld metal and may raise its tensile 
strength considerably, but its ductility seems to 
be only slightly improved. 


Chromium, nickel, and other metals of this 
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oup are also introduced into the electrode for 


tire purpose ol producing alloy steel welds. 


While these elements may have other desirabk 
fects, they do not in general result in any 
onsiderable increase in ductility. 
{nother method of combating the attack 
f{ the atmospheric gases on the hot metal, and 
perhaps a more logical one, is to exclude from 
the beginning all access of oxvgen and nitrogen 
to the are. This takes a leaf out of the book 
experience of oxy-acetvlene welders. Othe 
mditions being equal, a much more ductil 
veld can be made with bare filler rod melted 
by a blowpipe flame, for the burning gases 
effectivelv blanket the hot metal with a neutral 


rv reducing atmosphere. 


Some Wire Has Refractory Coating 
Qne method by which this” has been 
hieved in the are process is to wrap the 
lectrode in a refractory coating, such as_ the 
shestos varn used in making the Quasi-Ar 
ectrodes this wrapping melts more slowly 
than the wire inside it and thus forms a pro 
ting crucible at the end of the electrode which 
artly encloses the electrode tip and the stream 
‘lobules coming from it. and offers some 
tection from the ai lhe coating also sup 
blanket around each globule and 


CS a slag 


the puddle in the crate his method has 


in this country, probably because in its early 
form it required a= slightly slower rate ol 
operation 

Another and re complet method ol 
excluding air is to envelop the are in a stream 
of neutral or reducing gas such as hvdrogen, as 
IS done In the “shi lal d are” process ot we lding 
This method does result in a weld of good 
ductilitv and is being used commercially. For 
the sake of simplicity, it would frequently be 
preferable to use the electric are without the 


necessity of supplving it with gas 


Modern Coated Hectrodes 


Mod ri 
blanketing 


employ thie 


W hil 


electrodes 


coated 
principle outlined above 
the fundamental ideas are at present obscured 
by patent Hitigation and suits concerning the 
use of “secret” processes, it mav be said that 
such electrode wires are covered with a to 

in. laver of cellulose, organic or mineral 
substances mixed with a suitable binde1 This 
coat melts or burns more slowly than. the 
electrode wire inside it, and soon forms a cru 
cible ibout the electrods tip md extends part 
wav to the weld lt is similar in this respect 
Oo the older Quasi-Are coatings Bevond the 
end of this crucible, however, the coating 
continues to protect the globules duri thei 


passage through the are and down to the weld 











se abroad for more than lo vears and tself by supplvi a reduci or an inactive 
elds a considerable increase in ductility of the envelope about the weld, thus excluding thi 
ld ‘ ; | r) 1] | j : ; ; ; . | i] 
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film of liquid metal down below in the crater 
itself is shielded. 

Obviously, cellulose coatings produce this 
protective envelope by the combustion of the 
cellulose (C.H,.O.) 


of coatings is probably due to the circumstance 


Success of mineral types 


that each individual globule of metal is enclosed 
ina thin envelope of molten flux which protects 
it, at least partly, from the air during its deposi- 
tion. Down below in the crater, the flux blanket 
also covers and protects the flowing film of 
liquid metal. 

kifectiveness of this blanketing action in 


protecting the weld metal during deposition can 








Courtesy of Lincoln Eleeti ( 
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be measured by the amount of nitrogen or 
oxygen which it permits to enter the weld. 
Bureau of Standards found 0.0032 to 0.004: 
nitrogen in the bare electrodes before welding, 
and 0.111 to 0.156%, 


or 40 times as much in the weld as there had 


in the weld after deposition, 


been in the wire. This amount of nitrogen 
was somewhat greater when higher welding 
currents were used. 

With the modern coated electrodes, using 
much higher currents, the nitrogen content of 
the weld is less than 0.02°,, or about one-seventh 
as much as the Bureau found for bare electrode 
welds. This low nitrogen content is said to be 
insuflicient to cause aging embrittlement, and it 
permits a considerable rise in the ductility of 
the weld metal over that observed for the older 
practices. 

there seems to be litthe doubt that = this 
exclusion of atmospheric gases from the weld 
metal, which is accomplished by the coating on 
the electrode, has been responsible for the major 
increase in ductility. of welds achieved by 
today’s processes. That this coating was avail- 
able and in use several vears before its effects 
were understood (that is, before the discovery 


of aging embritthement of welds by Hensel and 
Larsen) may seem strange, but practice is fre 


quently far in advance of theory. 
Hot Welding 


Another factor in the attainment of ductility 
scems to be the extraordinarily increased rate 
of heating. Because of the intense heating the 
process has become known as “hot welding.” 
Nol only is the current two or three times 
higher than would be used with bare electrodes 
or with the Quasi-Are tvpe of covered electrode, 
but the are voltage is higher also, thus further 
increasing the heat supplied. (Specifically, the 
200 amp. and 20 volts of hand welding has been 
increased to as much as 790 amp. and 15 volts.) 
Furthermore, the heat is somewhat concen 
trated or caged in by the extending “crucible” 
formed at the end of the electrode. 

The net effect of this intense heating of 
the weld seems to be that a larger volume ot 
metal is molten at the joint at all times, and 
this yvreater amount of molten metal, lving 


under a laver of molten slag, solidifies more 
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slowly and has more opportunity to rid itself 
of gas and slag inclusions. Non-metallic in 
clusions, lighter in density than the metal, and, 
if possible, fluxed to a low melting point and 
viscosity. have more chance to coalesce and rise 
. the slag at the surface, leaving the metal 
relatively clean and sound. Welds of this kind, 
when examined in the author’s laboratory by 
means of gamma rays from radium, appeared 
ilmost completely sound 
fhe new welding process thus supplies a 
double defense against contamination of the 
veld) metal it shields the molten metal as 
completely as possible from = the surrounding 
ir, and it holds the weld in the liquid: stat 
long enough for some of its impurities to escape 


HHlustrations on page o9 indicate effectiveness 
Straight, Even Seam Possible 


It might be expected that the longer are 
length used in “hot welding” would spread the 
heat too thinly over the welding region to be 
effective, would spray globules outside of the 
weld, or would flicker and swerve from the 
welding line. The combined effect of the ex 
tending crucible and of the high current seems, 
however, to compensate for these tendencies 


fhe walls of the coating contine and stabilize 


=~ 


w growing globule, and a stable globule makes 
possible a stable are Phe verv high current 
is in itself a steadyving influence. 

Phe longer are used in this tvpe of welding 


ssl idier in another respect, due to the steadie 





electrical conditions in) the welding circuit 





\ ‘ 
With the ordinary short) are, each globulk 

touches the weld before it detaches from. the 

electrode tip, thereby bridging thre irc gap hy oscillogram as practy illv straight lines his 
i metallic conductor and extinguishing it mo steady clectrical condith secms al 
mentarily These periods of short circuit: a desirable one for weld 

revealed by the oscillograph as peaks in the Hlot weldi rdadition to the 

current wave and dips in the voltage wave blanketing effect. thus til 1 steady 
tlmost to zero, and occur as often as 20 pel Se" which i intensely hot ind Ww lh results ’ 
or oftenes bhev constitute complete interrup larger volume of liquid metal in- the 
tions of the are, although it is instantly re-estab the longer duration of the liquid state ft 

lished after the globule has detached. In moder the escape of 7 dl iscs and of si pa 
oated ceclectrods welding, thr are length Ss SO) ticles Pron Like weld This i! i d | ! S t 1 
sreat that the Slobulk leaves the electrode befor: tively cleat d sound ma tre i! 

{ reaches the weld, and at no time does it of those slightly soluble constit 
bridge the are. The current and voltage are. cause aging embrittlement 

therefore, much steadier and appear on. thi Ihese are results of verv great valu 


ANUARY, 1932 

















TEMPERED WIRE 





strength waries with size 





IL-TEMPERED spring wire is_ high 
carbon wire to which the proper qualities 
(hardness, stiffness, ductility) have been im- 
parted by a final heat treatment before coiling 
into springs. The commercial terms “oil-tem- 
pered” or “tempered,” as applied to wire, 
represent a spring steel which has been hard- 
ened by quenching in oil from above the critical 
temperature and then drawn in molten lead, 
the three operations being arranged end-to-end 
in a continuous process. Some of the equipment 
is shown in the accompanying illustrations. 

Chemical analysis of steel well suited for 


tempering will fall within the range: 


Carbon 0.55 to 0.70 
Manganese 0.40 to 1.00° 
Sulphur 0.04% max. 
Phosphorus 0.04° max. 
Silicon 0.10 to 0.20 


Carbon and manganese are generally on the 
high side of the limits noted above in the larger 
wire, and the low side corresponds to the finer 
sizes of wire. 

In most steel specifications and in engineer- 
ing design the tensile strength of a given grade 
of steel following a certain heat treatment is 
considered to be approximately constant regard- 


less of the size of the section tested. The 








! 
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standard test specimen, for instance, is 0.505 in 
diameter and is used no matter whether the 
piece is lin. or 10 in. through. If tests are made 
on material of a smaller cross-section the tensil 
strength, elongation, and reduction of area 
derived from test specimens of reduced dimen- 
sions might be compared to those obtained on 
a standard test. 

As should be well known, the tensile 
strength of wire with uniform toughness o1 
ductility varies inversely with its diameter, 
being high for small sizes and lower for large 
sizes. Oil-tempered wire is treated to develop 
certain uniform qualities of toughness, tensile 
strength, reduction of area, and Rockwell hard- 
ness, these properties indicating the ability of 
the wire to make the required severe bends 
without fracture. In limiting the extreme sizes 
to which this condition is true, “; in. may be 
used as a maximum and 0.030 in. as a minimum. 


(Springs made from wire over in. diameter 
are usually coiled before hardening or coiled 
from heated bars, while extremely small springs 
are usually made from music wire or from 
hard drawn spring wire.) 

The tensile strength of steel made from the 
above analysis will vary as shown by the top 


curve on the data sheet, page 65, which was 
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outlined after reference to several hundred 
thousand tests of various sizes of such wire. 
An empirical formula 


has been developed to correspond to the test 
figures, and the curve as shown is also a graph 
of this formula. Wire tempered to the strength 
shown should have a reduction of area at the 
tensile break of 40 to 50 


ness between 38-C and 413-C. The latter figure 


and a Rockwell hard 


varies considerably with the method of making 
the hardness test on round sections of varving 
diameters and surface hardnesses. 

A tensile test and a severe bend test are 
usually suflicient to indicate the toughness of 
round oil-tempered wire. Unless the method 
of taking the Rockwell hardness is clearly de- 
scribed, it may well be left out of the specifica 
tion The true elastic limit and the limit of 
proportionality, which are very close together 
on a stress-strain curve of tempered wire, should 
be between 75 and &S8O°, of the ultimate tensile 
strength. Within the practical range of hard 
ness and ductility the elastic limit bears this 
fixed re lationship to tensile strength, regardless 
of size or degree of hardness. 

While the curve shows the minimum tensile 
strength to be expected in so-called “standard” 
oil-tempered spring wire, the figures may be 
varied within a range of 25‘. over or under for 
a given size by changes in the analysis of the 
steel and degree of temper. The change from 
low to high tensile wire is accompanied by an 
increase in hardness and a decrease in ductility. 

Hard drawn spring wire usually has a 
somewhat lower tensile strength, size for size, 
as well as a considerably lower elastic limit. 

Other special wires in small sizes, such as 
music wire and rope wire, may be made with 
higher tensile strength than oil-tempered wire. 
Music spring wire usually has a tensile strength 
about 30 above oil-tempered wire, but the 
elastic limit is less than for tempered wire of 
the same size. On the other hand, the working 
elastic limit of music wire may be increased 
to a much greater degree than tempered wire, 
by the method as mentioned below of winding 
the spring with too great pitch and compressing 
until the correct length is obtained by settage. 


Hardened and tempered wires of the various 
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Entering End of a Continuous Oil- 
Hardening and Tempering Equip- 
ment Used to Treat Spring Wire 





sizes from 0.030 to 0.500 in, diameter show such 
a marked variation in tensile strength largely 
because the rapidity of the quench to the center 
of the cross-sectional area varies with the size 


and consequently changes the microstructure 


Influence on Spring Design 


These figures for strength and the question 
of what stress to use are important to thos: 
designing and using springs. Since the prope 
ties of the wire change with size, it is reasonable 
that the spring made from a fine wire with a 
rather high tensile strength is relatively as good 
a design as a spring made from large wire with 
a much lower tensile strength, other things bein 
equal. The stress in a helical spring may be 
considered to be simple torsion for the purposs 
of approximate design, while the stress dis 
cussed above is tension 

Since tempered wire has a_ practically 
uniform structure, whether taken on a cross 


section or longitudinally, we may assume that 

















the torsional breaking stress and torsional 


elastic limit are proportional to the ultimate 


strength in tension. For instance, a series of 


tests on springs made from tempered wire 


showed that settage occurred at a_ torsional 
stress slightly less than 45 of the tensile 
strength of the steel. Assuming that the term 
TY in the strength formula opposite represents 
the minimum tensile strength, and knowing that 
the actual value will fall within the probable 


manufacturing range of 10° over that figure, 





the designer may use a torsional stress of 45% 
of the value 7 as calculated from the diameter, 
or taken from the curve, and be reasonably 
sure that springs wound on pitch from standard 
wire will not “set” that is, decrease in length 
after compression until the adjacent coils touch, 
With harder wire a higher stress may be used, 
but care must be taken not to use stiff wire 
when the design requires abrupt bends or when 
the spring is to be used for high fatigue duty. 

Simplified spring formulas are given in the 
data sheet because in commercial practice the 
exact but more cumbersome formula including 
the pitch angle between coils Is frequently 


neglected for approximate computations. 
Cold Work Increases Strength 


Safe working stresses somewhat in excess 
of these figures may be obtained from high 
tensile oil-tempered wire by winding a spring 
with too great pitch and then “setting” by com- 
pressing solid, so that upon release the pitch is 
correct. This, in effect, increases the true 
elastic limit by the cold work of deformation 
after the spring is coiled. Higher stresses may 


wire, as outlined 


also be used for music spring 
above. In most problems of this sort the engi- 
neer or designer would do well to consult with 
the specialists on the staff of the wire or spring 
company from which he intends to procure 
the material. Springs and spring wire comprise 
a subject about which too little is known by the 


averavke COnSUMer, 





The Photograph A hove 
Shows the Wire Enter- 
ing the Oil Quench 
lfter Having Passed 
Through the Harden- 
ing Furnace. At the 
right is a photograph 
of the lead drawing 
hath, showing the 6-ft. 
take-up hlocks for con- 
tinuous oil tempering 
of wire in diameters 


as large as 9/16 in. 
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Extremes 


—yet both made of Alcoa Aluminum 
. . . . a delicate 
precision pyrometer; 


































a vast drag-line boom 


A thin-walled, die cast case that must rigidly 
preserve the alignment of the precise recording 
pyrometer; a 1§-ton arm thrusting its power 
against obstructing earth;—such tasks are con 
stantly solved by the strong alloys of Alcoa 
Aluminum. For the pyrometer case, Alcoa 
Aluminum furnishes the advantages of light 
ness, permanence and rigidity. With the 175- 
foot drag-line boom of this metal, the operator 
saves 17,000 lbs. dead-weight; secures greater ff 
working range. 





In the light, strong alloys of Alcoa Aluminum 
you have metals that are the equal of structural 
steel in strength— yet only 1 3 1ts weight. Alcoa 
Aluminum ably combats rust. Keeps its attrac- 
tive appearance, takes and holds paint well, and 
yet its cost is comparable to that of other metals 
ot fewer advantages. Parts made of Alcoa Alu 
minum can be forged, cast, welded and ma 
chined with standard metal-working equipment. 





Why not check with our research and product 
engineers upon the possibilities of Alcoa Alu 
minum, before designing new or re-designing 
old products? Large warehouse stocks of Alcoa 
Aluminum in all its forms are carried in stock 
in principal cities. Write for the name of your 
nearest distributor and for a copy of “Alcca 
Aluminum and Its Alloys.’ Please address 
ALUMINUM COMPANY of AMERICA; 
2501 Oliver Bldg., PITTSBURGH, PENNSYLVANIA 


Rivets, bolts—from these strong alloys 
Bolts, made of Alcoa Aluminum, have approx! 
mately the same strength as ordinary steel bolts 
— yet weigh only '; as much. Constant use has 
but proved the dependability of rivets and screw 
machine products made from these strong alloys. 
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Slightly Decarburized Surface 


lowers Enduranc e< Markedly 


LONDON, ENGLAND A good deal of atten 

a tion has been given in recent vears by 
\merican Investigators to the surface decarbu 
ization of steel during the heating processes 
which it is subjected during manufacture. 
Special interest has been added to this question 
by the publication ol a paper by two British 
tuthors, Dr. Hankins and Dr. Becker, of the 
National 


lates to the effect of surface decarburization 


Physical Laboratory. This paper 
the fatigue properties of typical spring steels 
such as are used for the best types of automobile 
chassis, but attention is confined entirely to the 
surface changes which occur during hardening 
md tempering, the surface decarburized during 
rolling having been intentionally machined off. 
Phis mode of attacking the problem, which 
nay appear peculiar at first sight, arises from 
the way in which the question developed in the 
irlier researches of the Springs Research Com 
tittee, in the course of which it had been found 
rst that a leaf spring, as rolled, could develop 
otf much more than one-third of the safe range 
| fatigue stresses as compared with a ground 
d polished test piece cut from the same plate 
was then found that by removing the surface 
ver of the plate a much closer approach to 
endurance of the test piece could be 
nieved while, on the other hand, a test piece 
ich was hardened and tempered, however 
refully, became seriously deteriorated — in 
ird to resistance to fatigue after being ma 
ned to size 


Hankins and Becker, continuing these in- 
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vestigations, have now obtained good evidence 
for the conclusion that the deterioration which 
occurs during heat treatment is due to surface 
decarburization This leaves the piece with a 
soft and weak skin which fails under a low 
fatigue stress, with the result that the surtace 
cracks are propagated into the body of the steel 
and lead to fracture 

These conclusions might have met with a 
somewhat sceptical reception had not the 
authors gone further and shown that by carry 
ing out the heat treatment under conditions 
Which avoid decarburization that is, unde 
slightly carburizing conditions the deteriora 
tion is also avoided. With this confirmation of 
their views, however, the ideas of Hlankins and 
Becker are receiving a good deal of immediate 
practical attention from those concerned in the 
production of springs of all kinds Since the 
whole difference between the commonest steel 
and the best special spring steel is” easily 
effaced by these surface effects, it is clear that 
the maker and especially the user of springs 
has verv much to gain by the avoidance of thr 
defective surtace lavet 

Fortunately, the remedies proposed and 
tried by the investigators are simple and prac 
tical such as keeping the steel covered with 
powdered graphite during heating, or carrying 
out the whole process by means of salt’ baths 
containing a suitable concentration of cvanide 
Pherefore, efforts to apply these remedies on a 
manufacturing scale should not be difficult. At 
the same time, these remedies have so far only 
been tested as a means of avoiding the rela 
tively slight (although still very injurious) 


decarburization which occurs during heat treat 


ment, and the problem of avoiding decarburiza 
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tion during the earlier and rougher stages of 
manufacture may prove to be more difficult to 
solve and to put into practice. 

Phe decarburized laver which is produced 
in these earlier stages of manufacture as at 


present carried on is as a rule very much 
deeper, and the removal of carbon has usually 
vone much further than in the treated test 
pieces used by Hankins and Becker. Usually, 
too, there is a laver of oxide or scale on the 


surface, sometimes with little films of oxide 
penetrating into the intercrystalline boundaries 
of the steel close to the surface. 

The exact state of the surface will, of 
course, depend upon the conditions in which the 
steel has been heated and it may prove well 
worth while, where high-grade alloy steels have 
to be heat treated carefully, to control the con- 
ditions in the heating furnace so as to minimize 


Whether, if 


carbon has once been removed, it can be sub- 


or to prevent decarburization. 


sequently replaced by some suitable mild 
carburizing process remains to be seen; it is a 
question of economic working as well as of 
metallurgical technique. 

It is perhaps worth pointing out, in conclu- 
sion, that although this matter has arisen and 
has been studied in) connection with spring 
steels, it has a much wider application. 


Wherever 


surface machining and are 


steel parts are used without 
CX posed to fatigue 
stresses more espe- 


cially where these 
stresses are of a bend- 
ing or torsional na- 
ture, SO) that the 
maximum fiber 
stresses occur at the 
there the 


surtace 


presence of a weak 





decarburized surface 
lay SF becomes a 
source of danger and has to be met, in present 
practice, by the use of much heavier sections so 
as to reduce the range of active fatigue stresses 
to the limit which can be borne by the weak 
surface laver. This amounts actually to throw- 
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ing away the entire advantage which is obtain- 
able by the use of heat treated alloy steels. 

It seems quite likely that the disappoint 
ment which has sometimes been expressed at 
the results given by heat treated alloy steels in 
practical service may be traced to the existence 
of these weak surface lavers in one form or 
another. If we learn to overcome these defects 
we shall thus be helping forward the develop- 
ment of heat treated alloys by vet another step. 


WALTER 


LOSENHLAIN 


Magnesium Alloys Consumed 
im Quantity in Haly 
Turin, [rary Since it is impossible in 
brief letters to describe all the interesting 
new apparatus shown at the Milan exhibition, 
i will confine myself to some points concerning 
the Italian industry. Outstanding is the great 
development of light metal castings, both alu 
minum and magnesium alloys. 
One of the most interesting sections among 
those containing complete plants in operation 
This 


firm specializes in furnaces of the electric re 


was occupied by Societa Forni Elettrici. 


sistor tvpe; it installed a complete aluminum 
foundry and kept it constantly in full opera 
tion. Visitors were given every opportunity of 
ascertaining the costs and other data concerning 
the production of the various castings (such as 
raw materials, labor, power consumption) and 
could personally compare these results with 
the ones achieved in their own foundries, and 
therefore grasp immediately the technical and 
economic advantages that might be expected by 
the purchase of the equipment exhibited. 

It would take too long to quote the numet 
ous metallurgical companies exhibiting — the 
very interesting products of their light alloy 
foundries, but I cannot pass over the excellent 
exhibit of magnesium alloy castings made by 
Fraschini, well known as builders of 


It has 


Isotta 


automobiles and airplane’ engines. 
erected a large foundry especially for making 


castings of the alloy known under the commer 
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i} name of “Elektron.” Excellent results have 


isa) 


heen achieved with another magnesium 
isting alloy known as “Maxium.” 

The new foundry, whose capacity far ex- 
eeds the needs of the Isotta Fraschini com- 
pany, for which it was primarily erected, has 
isily found a market for its excess production 
unong different Italian engineering works. Our 
ndustries are now rapidly adopting the extra 
light magnesium alloys for an increasing num- 
ber of machine parts of every description, such 
is Weaving machines, railway cars, street cars, 
ind military equipment. I will probably have 
thre opportunity later to enter into more details 
concerning some new and interesting applica 
tions of these alloys in Italy, but I have thought 

proper to mention them here because this 
section of the Milan exhibition was the one giv- 
ng the best example of the circumstances | 
have developed in my letter last month. 

Another section of the exhibition, to which 
the same remarks apply, included molding 
sands and new, simple, and practical apparatus 
for testing them. Noteworthy was the iron 
foundry, exhibited in active operation by Bon- 
villain & Rone rav ol Choisv-le-Roy, France, 
hich had an array of remarkable automatic 
machines for sand dressing. 

lor many years past, Italian foundries have 

ported large tonnages of molding sands from 
fkrance and Belgium. Deposits of excellent 
nds have been recently found in central Italy 
hich can meet the most severe requirements 

ill kinds of steel castings. Various types 
these sands could be subjected to the diffe: 
physical tests by the visitors themselves in 
s section of the exhibition, where the best 
dern testing machines were placed freely at 
Cll disposal 

lhe field of electric steel manufacture 
wed many important new devices. Among 
most interesting was the new regulator first 
signed for the Tagliaferri steel furnaces, 
ch changes and regulates the speed of the 
trode movement according to the quality 


d the physical condition of the charge in the 


ry 


lace. Many of these very simple devices 
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have been recently installed in Italian, English, 
French, and German steel works 

Finally, I cannot end this short report on 
the Milan exhibition without mentioning its 
historical section Among many other inter 
esting objects, it contained the first industrial 
electric steel furnaces built’ by Stassano in 
Darfo (Lombardy) and Turin, between 1900 
and 1903, and regularly operated by him since 
that time on a commercial scale for the produce 
tion of special steels of every deseription In 
spite of what has been repeatedly said and 
written on many occasions (for instance, about 
the priority of the electric steel furnace put in 
operation by R. Lindenberg in February, 1906, 
in his works at Remscheid, Germany) these 
Stassano furnaces are certainly the first electri 
furnaces to make special steel commercially 


FeDERICO GLOLITTI 


Soviet Copper Development 


Resembles Utah I mnterprise 


Moscow, U.S. S. RR Ihe largest devel 
oped copper deposit in the world is within 
ten miles of the Great Salt Lake in the Stat 
of Utah 


largest open pit copper mine, and the two con 


Utah Copper Co.’s mine, which ts the 
centration plants, one of which has a daily 
capacity of 35,000 tons of ore and ts the largest 
in the world, are considered masterpieces of 
mining art 

\s if by some strange freak of nature, 
there is another great salt lake, Lake Balkhash. 
situated at about the same geogt uprlate | par illel, 
in the Kazak Republic of the Soviet) Union 
fhis lake is 65 miles long and 2) wid 
practically equal in length to the Great Salt 
Lake, though onlv somewhat more than half the 
width About 15 miles to the north of Lake 
Balkhash are the rich Kounrad copper deposits 
The similarity extends even furthet even the 
grade of the ore is similar to that found neat 
vour Great Salt Lake, the averag: copper col 
tent of the Utah ore being about 1 and that 


of Kounrad 1.2 
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Phe hounrad copper deposits are estimated 
lo contain 1.000.000 tons of copper metal and 
the concentrator now under construction there 
will have a daily capacity of 50,000 tons of ore. 
Phe total output of the Kounrad and the ad 
jacent copper mines is expected to be about 
1.000.000 Ib. of cop 
per daily, or half the 
present copper con- 
sumption of the entire 
is &R 

But the similar 
itv between the local 
ities of these two 


oreal salt lakes does 





not extend to either 
vegetation or climate. 
lhe country surrounding Lake Balkhash is en 
lirely barren, resembling the central section of 
the State of Nevada, rather than the farming 
region surrounding Salt Lake Citv. The climate 
is also more rigorous, running to extremes 
in winter the thickness of ice is often as much 
as seven feet, while in summer the heat is so 
sreat that eges can be cooked in the hot sands 

Phere are virtually no roads in this desert, 
no navigable rivers and no inhabitants. Camels 
have been, and still are, the chief means ol 
transportation. The nearest railroad center ts 
Petropavlovsk on the Trans-Siberian railway, 
about 990 miles from the northern part of Lake 
Balkhash lo the south, measuring directly 
through the lake. it is about 100 miles to the 
nearest point on the recently constructed Tur 
kestan-Siberian railway 

lo connect this, the richest copper deposit 
in Soviet Russia, to the existing railroad net 
work, the Soviet Government has decided on 
the construction of a railroad between the 
\lready 


about 300° miles of this 550-mile branch = line 


copper mines and Petropavlovsk. 
has been completed and opened for passengers 
and freight. 

lt is planned to finish the copper mine and 
concentration plant by 1933. The smelter plant 
is to have an annual output of 200,000 tons of 
Phe total cost of the project, including 


copper 
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railroad, is estimated at about $250,000,000, | | 
will be equipped with the most up-to-dat 
equipment, part of which is being ordered i 
the United States; the designs are the joint worl 
of American and Soviet engineers 

Phi diflicultic s to be overcome are tremen 
dous. In the endeavor to ship materials 200 
camels were employed, but half of them died 
of starvation The task to be performed is not 
contined to the construction of the copper plant 
\ whole new citv must be built in the middk 
of the desert country and all the auxiliary in 
dustries have to be developed 

llowever, all the natural assets for a vast 
industrial center are available Recent O¢ ologi 
cal expeditions have discovered considerabk 
coal deposits, the extent of which makes this 
locality the third most Important coal region i 
the Soviet) Union It is estimated that thes 
deposits in the Karaganda district mav contail 
up to 70 billion tons of coal. The Kazak Repub 
lic also possesses tmportant resources of lead 
and zine Current estimates give this territorm 
about two-thirds of the copper and lead and 
over half of the total zine resources of the Soviet 
Union 

hus. in the next few vears the Russia 
salt lake district will be opened up for exploita 
tion as Utah has been. It is indeed a miracl 
of nature that the earth’s forces should hav 
created two such centers at opposite sides 0 
the earth, almost at the same geographical 
parallel, possessing practically the same typ 
of natural wealth. 

V. M. KARMASHO\ 


Sev eral Grades and Uses 


of Bessemer Steel 
YouNGSTOWN, ODDO Recent attention b 

editors and writers to the subject. ¢ 
bessemer steel is warranted by the preset! 
position of the process, This first method t 
fulfill the demand for a better and = mot 
economical metal for constructional and con 


mercial use still possesses definite advantage 
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fully appreciated hy the rising generation 
engimmeecrs and designers. 


fo the outsider, its principal aspect is the 


pectacle of a great tongue of flame roaring 


m the mouth of the vessel, a glare visibl 
night for miles obviously the result of the 
.penditure of huge amounts of energy. Indeed, 
few of the oldest 
workmen CVC! bye 
come insensible to 
this display of powet 
and beauty. 
However, besse 
mer steel is retained 
not for the spectacle, 


but for its utility. 





Most metal users 
know that brittleness 

mooxvgen is remedied by the addition of man 
vanese to the blown metal, and that brittleness 
from phosphorus must be regulated by selecting 
w phosphorus ores for making the pig iron 
destined for the converter. In the American acid 
practice, no phosphorus nor sulphur is elimi 
uted during the blow; in fact, there is an 
increase of nearly one part in ten, due to the 
burning of nearly 10 of the weight of the 
charged metal (carbon plus silicon plus man 
ganese plus iron). 

Contrary to the opinion which seems to 
prevail among the trade, “bessemer™ is not a 
ne grade steel. It is made by the Republic 
Steel Corp. with which IT am connected, in 
several grades and for a number of different 
purposes. To correct the false impression of 


i solitary bessemer grade, it would be well to 


> 


te the following essential facts concerning it 

l Most bessemer steel does not POssess 
\treme ductility However, a special grade is 
nade for shi ets which LIVES good ductility, and 
he use of this is increasing rapidly. 

2 Bessemer steel is excellent for galva 
zed and tinned products where a_ certain 
nount of stiffness of the sheet is required mm 
ddition to good ductility. 

’ One of its particular properties is that 


can be bent or formed to shape and. will 


retain this shape under repeated stresses, where 
steels made by othe processes I iil because ol 
their lack of resilience 

1 {nv grade of bessemer carbon steel can 
bye made in acid converters ¢ Acepl those of low 
phosphorus specification 

) Bessemer screw stock. which is highet 
in sulphur and manganese than the soft grades 
of steel, is unexcelled in machining qualities 
and is the standard of comparison for all fre« 
cutting steels 


h Phi 


iy SSCTUCI 


welding properties of 
steel are among its most valuable but less 
widely known qualities. This is demonstrated in 
the making of butt-welded pipe where bessemet 
steel is almost without competition, and = tn 
numerous applications of hammer welding. It 


also IVES ¢ xcellent results in fusion weldin ' 


orades wher Hhiit 


even in the higher sulphut 
chining qualities must be considered 


l.. B. Gainpay 


Hereditary Influences on the 


Quality of Cast tron 


Panis, FRANCI An account of the Milan 
Foundry Exhibition has been given by Di 
Giolitti in his letters to Merat Progress, which 
I would like to supplement by a brief glimps« 
at the technical problems discussed in the vari 
ous communications read during the Congress 
An invitation broadcast by the executive 
committee resulted in 44 communications from 
the various European countries and America, 
most of which were read during the meetings 
\ glance at the titles enables us to classify them 


in the following wav: 19 related to cast iron, 4 


to aluminum, 2 to steel, 4 to allovs of copper 
and nickel, 4 more to the study of sand and 
other materials for molds, and 11 related to 
veneral subjects 

This classification shows that the intensive 


study of cast iron which began some lo vears 


ago is still continuing and indeed occupies a 
major part of the foundryman’s attention 


An effort will now be made to summarize 
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the problems which are uppermost at the pres- 
ent and the prevailing ideas concerning them. 
Neglecting those subjects including the applica- 
lions of metals and alloys, their chemical 
analysis, and also those dealing with some 
specialties, such as molds and manganese steel, 
particular mention should be made of the fol 
lowing: 

1. Gas solubility, especially in molten alu 
minum, and the gas evolved from the metal 
before casting were discussed in communica 
tions by Pontremoli (“Colata’ di placche di 
laminazione’) and by Barbero (“Sanita e re- 
sistenza dei pezzi fusi”). 

2. Influence of the casting temperature on 
properties was noted in the above-mentioned 
paper of Pontremoli and in’ those of Blasic 
(“kisiche dioun bronze”) and Gabino (*Cola 
bilita delPacciato™). 

6. Control of the properties of the raw 
materials and the products manufactured there- 
from. ‘This is the principal object of communi- 
cations by Viez and by Sulliotti and Capello on 
sand tests. by Balma and by Mei on the wear 
resistance of cast tron, by Ros and Eichinger 


Norbury 


(“Properties of malleable in various sized test 


(“Bruchgefahr des Gusscisens”), by 


bars’), by Portevin (“Les facteurs et defauts 
de fonderie’), and by Gabino, already men 
tioned above. 

l. Organization of foundries and the clas- 
sification of raw materials and foundry defects 
were considered in> Castelain’s, Montis, Pre- 
ver’s, and Gierdziewski’s communications. 

5». Cast iron melted in the electric furnace 
was treated in) communications from Dupuis 
and Braghiert and from Del Grosso. 

6. Most striking is the number of studies 
treating of two problems relative to cast tron, 
(a) heredity and (>) oxidation. The following 
communications are directly or indirectly con- 
nected to these two problems: 

Association Technique de Fonderie Belge 
(“lLooxvdation envisagee comme facteur dhe- 
redite”), 


fontes”), Boegehold and Joseph “(High silicon 


Thyssen and Buffet (“L’heredite des 


pig iron for malleable iron manufacture”), and 


~~ 


N 


Sirovich (“Influenza delle piccole aggiunte d 
alluminio alla ghisa grigia per getti’). 

Even though some of the last-mentioned 
papers cite some experimental facts and inte 
esting practical observations, others contain 
many conjectures and opinions which are not 
supported by systematic studies and rigorously 
scientific tests. The debate which they pro 
voked indicated a tendency on the part of 
foundrymen to assign an importance to those 
phenomena of heredity and oxidation which is 
not perhaps entirely free from commercial in 
fluences and the desire to disclaim responsi 
bility. 


this subject. A. PorTEVIN 
| 


I shall have occasion to speak again on 


Hame Hardening of Rubbing 
Surfaces on Shafts and Gears 


After three 


vears of experimentation Bergische Stahl 


BRANDENBURG, GERMANY 
industrie, Remscheid, has perfected a doubk 
hardening process which is notable for its sin 

plicity and eflicieney. The company calls if 
“Doppel Duro.” but it mav also be called, de 

scriptively, “rotation hardening” or “flame hard 
ening” depending upon which of these two 
characteristics of the method is judged to be the 
most important. 

As I have already noted in a communica 
tion to Aulomobillechnische Zeitschrift, Octobe 
10, 1931, it is especially applicable to round 
parts which need to be hardened only on thoss 
finished surfaces which rub in bearings, such as 
automobile crankshafts. A special steel has 
been developed for this purpose, known as 
BSF-Duro, which corresponds closely to you! 
S.A.E. 4140 and contains 0.45'. carbon, QO t 


0.6°, manganese, 1.0°¢ chromium, 0.25'. molyb 


denum, and 0.25‘. silicon. It can attain throug! 
this process a scleroscope hardness of 80 to % 
Shore (600 to 700 Brinell). Other standard a 
lovs and even medium carbon steels have bee! 
treated satisfactorily. 

The method consists of heating a portio! 
or band of the surface by a high temperatur 
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lame. and traversing the flame over the sur- 
ice by a slow but steady rotation, whereby the 
ot portion is immediately cooled so that a con- 
tinuous hard surface results. 

It should have been mentioned that a 
crankshaft would first be forged, normalized, 
machined, and then hardened from 1475. F. in 
oil and drawn at 1175. In such condition it 
would have a tensile strength of about 130,000 
lb. per sq.in. and Brinell hardness of about 300, 
t toughened condition ready to receive a high 
surface hardening on the bearing surfaces only 

For this localized surface hardening an oxvy- 
wetvlene flame is utilized. A special blowpip: 


produces a wide, white, sraduated tongue ol 


>and rounded on the end. The 


> 


lame 0.3 in. lon 
width of the flame used so far is from ! , to I, in. 
fhe latter is suflicient to harden a bearing sur 
face *, in. long in one traverse, since the flame 


mushrooms slightly on impingement and since 


Uy 
7 


the hardened metal 
must merge gradu 
ally into the unhard 
ened part, so that the 


elasticity of the edge 






will not suffer. For 
longer bearing sur 
faces, the smaller 
flame is utilized. It 
would then be 
mounted on a fixture 
which moves slowly sidewise as the shaft ro 
tates, thus traversing it in a helical path. 
Che shaft is mounted in a lathe in such a 
manner that the axis of the part to be hardened 
s in line with the axis of head and tail stock. 
It is partly immersed in a tank of circulating 
cold water. The burner is placed about 14 in. 
from the steel and pointed so the flame im- 
pinges on the surface radially, and along an 
element of the bearing just above the water 
line. When this first strip is heated to about 
1200" F. (as judged by color or optical instru- 
ment), slow rotation of the shaft starts, at such 
i rate that the approaching metal is heated to 
the correct quenching temperature immediately 


before being submerged in the quenching fluid. 
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When one rotation is completed, the sur 
face of a short bearing is hardened At the end 
of the process there is an overlap which pro 
duces a narrow softened strip. This area may 
be minimized by an auxiliary water jet; the soft 
area is also so placed as to be at that position on 
the crankshaft bearing where the surtace pre 
sures during operation are at a minimum, In 
longer bearings, where the small flame traverses 
the surface in a helix, the tempering effect of 
the flame passing nearby is minimized by a 
water jet which plays on the already hardened 
portion of the evlinder. 

lhe hardness achieved is, of course, due to 
the rapid quenching of the metal from above 
the critical range (in this steel, about 1000) F.). 
There is no increase in the carbon at the sur 
face, as in case hardening only the surface 
lavers are heated above the critical, and they 
are immediately quenched to martensite. Depth 
of hardening, as measured on a fresh fracture, 
is from 0.10 to 0.20 in. depending upon the re 
lationship between size of flame, mass of shaft, 
and speed of rotation under the flamy (For 
small shafts the latter is about one per minute.) 
fransition between outer hard surface and in 
ner core is gradual, as proven bv hardness 
studies on evlinders hardened by this method 
and taper ground 

When all the bearing surfaces on a shaft are 
hardened as above, it is annealed for two hours 
in an oil bath or oven at about 540° F. to relieve 
strains. It is then tested for hardness and 
shape; cold straightening is done if the finish 
grinding will not correct the alignment 

Similar methods have recently been success 
fully applied to the teeth of gears made of cat 
bon steels. Surface hardness of 45 scleroscope 
was attained on 0.25 carbon steel, and 60 
scleroscope on 0 1 carbon steel gears. Some 
work was published in England several vears 
ago indicating that this method causes ex 
tremely small dimensional changes in a prop 
erly prepared gear. In this respect the flame 
hardening process may be compared with the 
more recent nitriding process 

Guipo Pracuri, Dr. En 











DEEP NITRIDING 





by program control 





UK store of knowledge per 
taining to nitriding and its opera- 
tions is) being augmented daily 
through the results of researches 
covering the many variable factors 
influencing the process. The factors 
are as follows: 

(a) Materials in the reaction 
ZONE, 

(>) Temperature at which the 
reaction is carried out, 

(c) Time during which the re 
action proceeds, 

(7?) Rate and manner of flow 
of the active chemical. 

Phe process is not considered 
difficult if close control of the above 
variables is effected. Results ob 
tained by properly controlling these 
variables show that one factor de- 
pends upon another. 

Vaterials in the reaction zone 
other than the parts being hardened 


(principally the work container) 
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VWoderate Changes 
in Nitriding Tem- 
perature Affect 
Surface Hardness 


and Penetration 











Leeds & Northrup Co 
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were discussed in an article in 
Merat ProcGress last month. We 
showed there that nichrome and low 
manganese monel metal are most 
suitable because they neither affect 
nor inhibit the nitriding reaction 
hor are they themselves disinte- 
vrated. 

Temperature has a two-fold 
effect upon the resulting nitrided 
case: It governs the surface hard- 
ness and the hardness gradient 
within the case. The first figure (on 
this page) shows graphically that the 
maximum hardness of the case is 
some inverse function of the tem- 
perature of the reaction after nitrid- 
ing at various temperatures for 24 
hr. and keeping the temperature 
constant. The temperatures shown 
on the curves (925 to 975° F.) are 
those most commonly used in com- 
mercial nitriding. It is apparent 


that uniformity of heating inside 
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container is important, for a 2). difference. 
ce to piece, will produce a noticeable varia 
in hardness and penetration in the cases. 
rhe charge can be heated either by con 
ction or convection or both. A comparison of 
temperatures existing in various regions in 
rdinarv box-tvpe heating, in non-reversed con- 
tion heating. and in reversed convection 


iting will show widely varied degrees ot 


read in temperatures during heating and 
er the control temperatures have been 
iched. In some types of heating, the spread, 


oint to point, will be very wide; in others it is 


ilmost non-existent. Inasmuch as the uni- 

rmity of hardness throughout the load is de- 
pendent upon the uniformity of temperature 
hroughout the load, too much stress cannot be 


placed upon the latter. 

Time influences the resulting case (as shown 

the diagram printed on this page) when 
temperature and flow are kept constant. The 
relation of time to depth of case produced is 
ot a straight-line function. It has been found 
that most of the case is formed in 15 to 18 hr.; 
decreases 


thereafter the rate of penetration 


—*) 


ipidly. Cycles ranging from 24 to 72 hr. are in 
dailv use throughout the industries; the latter 
s the economical limit. Such time eveles can 
be considerably shortened, as will be explained 
later in this article. 


Flow, or the rate at 


case in the material which is to be nitrided 


Distribution of available ammonia through 


out the load is as important as a uniform tem 


perature. Without forced gas circulation, the 


work nearest the incoming supply of ammonta 
farthest 


will absorb more nitrogen than the 


work. Concentration of the various constituents 


of the gas stream changes as the nitriding re 


action proceeds and the vas SOOT becomes d 
pleted of the essential ammonia which ts_ the 
velocity 


source of nascent nitrogen \ slow 


produces great variation in the amount of nitro 
ven absorbed in different parts of the load 
This variation is minimized when the active gas 
is forcibly circulated 

Reversing the inlet flow of ammonia into 
the convection furnace svnchronously with the 
fan, so the fresh incoming gas passes through 
the work immediately upon entering the fur 
nace, produces very uniform surface hardness 
and depth of case throughout the load, as shown 
following page. Samples 


hy the figure on the 


taken at various places in the load are almost 

exactly alike 
\nalvsis of the sequence of events in a 
nitriding furnace reveals that reversed forced 
circulation of the treating gases is essential to 
heat the work uniformly and thus produce a 
uniform case hardness in every part of the load 
\ study of the absorption of 


nitrogen by the various parts 





Which fresh ammonia is in- 44 
troduced into the furnace, 
naterially intluences the 


surface hardness obtained on 





of the load emphasizes thre 
necessitv for reversing both 
the circulation and the am 


monta inlet, thereby bringing 





he work. The percentage of : all the work into contact 
ammonia which dissoci S with a uniform atmosphere 
ites during the nitriding re- .< 
ction varies with the rate Q Program Control 
f flow, with temperature of . 
the work, and the area of Commercial nitridins 
ited reactive surface in y) cveles used today are not 
ontact with the gas. he mally designated by the time 
fect of flow is more pro- during which the work ts alt 
ounced at the higher tem some constant nitriding tem 
ratures; on the other hand, perature; that is, 24, 36. o1 
ippears that there is a cer iS-hr. cvecles Phe complet 
in maximum rate of flow Rate of Penetration ls Rapid sequence of operations t kes 
r any given temperature During Early Stages of the more time. and is as follows 
hich will secure the maxi- Process and Then Slows Down (a) The properly heat treat 


ed. finished md leaned 





im hardness and depth of 
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kleven Samples Were 
Taken Along the Axis 
and Three Along the 
hk dge of a312-Lb. Load, 
Nitrided in Convec- 
tion Furnace. All hard- 
ness-depth curves fell 
within hatched band 


very good uniformity 





work is charged into 


the cold reaction cham 





ber or container; (Db) 
the chamber is sealed 
and flushed free of air 
with ammonia: (¢) 


5e Depts lag. when the air is elim 





inated, the loaded 
chamber or container 
is heated to and (d) held at the nitriding tem 
perature for a predetermined length of time; 
and (¢) the reaction chamber and the work aré 
cooled. 

Hardness-depth curves shown for a con 
stant temperature nitriding evele indicate a 
change in hardness from a maximum at the 
surface of the steel to the hardness of the orig- 
inal core ina few thousandths of an inch. Such 
a case is made up of hard materials possessing 
little ductility, and for some classes of work it 
must be of sufficient depth and strength to with 
stand high unit bearing pressures. 

Service conditions to which gears and 
valves are subjected are particularly exacting, 
and require a core of high hardness and 
strength. The core hardnesses, however, are lim- 
ited by the maximum hardnesses which can be 
readily machined (Brinell 250 to 280, approxi- 
mately, for the usual alloys), and core materials 
of corresponding physical properties cannot 
Withstand high bearing pressures without def 
ormation. The low core strength and steep 
case gradation are necessarily compensated for 
by a deep nitrided case which requires con 
siderable time to produce 

Attempts to shorten this time without sacri 
ficing surface hardness have been successful 
where the nitriding operation is carried on at 
two widely separated temperatures for equal 


lengths of time (first at a low temperature, then 
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ata higher). This process is generally called the 
“duplex” treatment. The hardness penetrates 
deeper, but there is an abrupt and undesirable 
change in gradation. This is shown on the last 
curve, in dashed line B, representing conditions 
found after a duplex evele of 12 hr. at 975° F. 
followed by 12 hr. at 11907 F. 


full curve, A, gives typical results from = an 


For reference, a 


equivalent time at steady heat (24 hr. at 975° F.). 
High surface hardness and a slowly but 
uniformly decreasing hardness with depth of 
penetration are procured by the “program 
method of control,” wherein the nitriding tem- 
perature is progressively changed from a low to 
a high temperature. It is based upon the rate 
of formation and of diffusion of the various 
nitrides produced at various temperatures in 
proper nitriding atmospheres. Automatic con- 
trol may easily be handled by the temperature 
recording and controlling instruments. 
Surface hardness, case gradation, and case 
depth may be changed by varving the rate of 
increase of the temperature during a nitriding 
evele. If an extremely hard case is required, 
the work will be nitrided at one of the low 
nitriding temperatures for a definite period of 
time before progressively increasing the tem- 
perature. Rate of change should be small at 
the lower nitriding temperature (900 to 10000 F.) 
and large at the higher (1000 to 1160) F.). In 


other words, the work (Continued on page 94) 








Penetration of 
Hlardness Ac- 
cording to Typical 
Vethods of Tem- 
perature Control. 

1 after 24 hr. at Ww 
975° PF. a 
B after 12 hr. at s 
975° | .followed by WV" 

Ihr. at 190 FP. 
C after 3 hr. at ™ 
930 F. followed by 400 


slowly rising tem- 





perature, reaching 
1180) BF. in 19 hr. cw | 

D after 24 hr. 
slowly rising tem- 
perature from 900 
to 1140 F., ; Case Deoth » Inches 


am } 
’ 
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CONCENTRATES 





from 


curremt. . 





literature... 





NNUAL reviews of technological prog- 


ress in 


Vechanical) Engineering are always 


iclusive and 


informative. Singled out for 


special mention in the December issue by the 


editors are the Hudson River bridge, the airship 


\kron, a welded gas-line from Texas to Chicago, 


I 


(MM) 


‘Is 


I. ste: 


im turbine, and carbide cutting 


every one of which required notabl 


mtributions from the metallurgical industries 


clore it could be accomplished. In the section 
vot d 


W 


lhe 


to pre 


items 


cluded: Wei 


el 


ic’{ d 
\ tlk 


itive 


by use 


» > 
ress In aeronautics the fol- 


of metallurgical interest are 


ht of naval aircraft has been 


is 
= 


of stainless steel or aluminum 


mats. Much study is being given to the 


merits 


of propellers made of forged 


minum alloys, magnesium alloys, and hollow 
el 


mocoque metal fuselage and all-metal wings, 


th st: 


| he tre 


unl SS 


nd in Army aircraft is toward 


steel for all external tie rods 


d parts subject to corrosion. In the engine 


; 


artment there has been a steady increase 


power without increasing the weight of the 


ver | 


lant. 


Interesting features are exhaust 


ves with hollow stems, filled with copper or 


im, and improved bearings of lead-bronze, 





steel backed, which can safely carry the highest 


loads now developed in aircraft engines 


B ABORATOR investigations and plant opet 

ation under precise control have produced 
an “unburned” magnesite brick, cheaper vet 
better than the burned brick, according to A. | 
Fitzgerald, writing in Vining and Metallurgy tor 
December. Of course, the original magnesite 
is calcined, as usual, driving off the CO V he 
dead-burned grains of well-crystallized per 
clase are then ground, screened, the vraded 
SIZES TING d ih propel proportions for minimum 
voids, coated with a colloid binder, and pressed 
at 10,000) Ib per sq.in some ten times. the 
conventional pressure This produces directly 
a brick which is harder, stronger, denser, and 
of more stable size than a brick more lightly 


pressed without binder and burned a second 


time. Second burning causes nothing but re 
crvstallization, shrinking, and bonding of the 
original periclase particles. Unburned = brick 


have demonstrated their superiority ino many 


applications, including linings for basic clectric 
furnaces and other furnaces where the hearths 


or walls come in contact with hot tron oxide 


ESULTS of a four-vear research by W, 1 

Jominy and D. W. Murphy, sponsored by 
the American Gas Association, into the heating of 
steel for forging are contained in Bulletin 
21 of the Department of Engineering Research, 
University of Michigan. It is divided into three 
sections; the first discusses the nature of ovet 
heating and “burning” and finds that the plain 
carbon steels can be heated quite close to the 
burning point without damage Next the ques 
tion “Tlow fast can a steel piece be heated 
without damage?” was investigated and an 
swered: “Any practicable rate does no harm to 
billets up to 4 in. square.” The last portion 
has to do with the formation of scale by the 
furnace gases, and the means whereby scaling 
mav be minimized some of this has been 
already presented in Mretrat Progress last Sep 
tember, where it appeared that the best way to 
avoid scaling in practice is to avoid excess al 
in the flame and to remove the steel from. the 
furnace Just as soon as it reaches forging hea 
Other portions of the work are contained in 


Transactions, A.S.S.T., but the 150-page booklet 








coutains so many important facts that many 
users of forgings (and all manufacturers) cer- 


tainly will find it a good investment at ¥1. 


A PATENTED clectrolvtic process fol mak 


ing metal patterns is described by C. O. 
Herb in) Machinery tor December. A water 
proofed wooden pattern is first made; this 
is placed on a flat surface and covered with 
plaster of paris. When this has set the pattern 
is removed and the mold oven-dried, water 
proofed, and “made resistant to the solution of 
the electrolytic bath, except in the mold cavi- 
lies.” Here, evidently, is one of those “secret” 
processes Which an enterprising experimenter 
could probably rediscover in a= short time 
also the unstated method whereby the plaster 
of paris is made a good conductor of electricity, 
for the next operation is to plate the cavity 
with copper up to ', in. thick. The copper shell 
is then filled with a fusible alloy, some brass 
inserts set (for attaching the pattern to the 
plate), the back milled flat, the inserts drilled 
and fixed to the molding machine plate and 


the plaster cast broken away. 


po PING out that the most effective means 

of decreasing railroad operating expenses 
is to increase the capacity and reliability of the 
tractive power, a writer in) Ratlway Age tor 
November 21 says that a trend in locomotive 
design is to increase the effective horse power 
of the machine much faster than the weight ts 
increased. Alloy steels have enabled the de- 
signer to do this, a notable instance being their 
use in boiler plate whereby the steam pressures 
mnav be increased without increasing the weight 
of the boiler. Another metallurgical change of 
portance is the adoption of one piece bed 
castings which have removed many heavily 
stressed joints, cach one requiring much main 
tenance. Special materials for bushings, pack 
ing rings, roller bearings, and special steels for 
pins which provide harder bearing surfaces 
charges on the 


also decrease maintenance 


p! He DOVES 


ALVE seat troubles have multiplied in high 
speed, high compression engines, especially 
those that operate for long times at maximum 


speed, as in a= cross-country truck or bus. 





ive the effect of “pounding i! 


Valves which g 
are in reality eroded at high temperature 
Aluminum bronze walwe seats have prov: 
unsatisfactory because their coetticient of « 
pansion is higher than the cast iron block « 
head in which they are set, and consequent! 
they quickly loosen. According to Bus Eng 

neering for December, the White Motor Co. has 
solved the problem by the use of a machi 

steel ring screwed and pinned tightly into 

recess in the evlinder block. The ring has pr 
viously been covered on its inner surface wit 
a laver of stellite welded on and rough ground 
to form. After assembly, final grinding is don 
with a high speed wheel to tolerances of about 
0.001 in. This allov has high strength at red 
heat, and it is expected that the removal of 
valve seat trouble will enable the engine mat 
ufacturer to take full advantage of balanced 
crankshafts, higher speeds, and higher rear ax! 


ratios, thus saving weight in the engine. 


Att BATH heating, particularly where only 
™ a portion of the steel part is to be hardened, 
has seldom been mechanized. W. G. Park, 
(Heat Treating and Forging for November) 
describes briefly such a plan for rear wheel 
truck hubs. All equipment is located under thy 
chain conveyor leading from the final machin 
operation. Special hangers carry the hubs 
through a gas-fired preheater and then into 

lead bath 7'. ft. long, where the hub flang 
is immersed the exact depth. Reaching the fat 
end, a quick transfer is made to a shallow oil 
bath, where “, in. of the end is given a prelim 
inary quench; another transfer lands the hot 
hub on a quenching fixture (caustic soda). Tl 

final operation ts a hot water wash. Transl: 
from furnace to fixture is done by pairs of r 


| 


tating arms, motor driven and controlled 
by limit switches tripped by the advancu 
convevor links. Six heat treaters have bee 
replaced by one machine tender, and the un 
formity of the product improved to such a 
extent that the hub can now act as one of tl 


races of the roller bearing 


A* informative series of articles by Wm 


Merten on the nitriding process has bee 


; 


running in Fuels and Furnaces. In the seven 


and eighth chapters (Continued on page * 
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ANNOUNCING 


A NEW 


TELETYPEWRI 





SSS 


TER 


a SLLLL LL ea 
WR 





fur Bett Sysrem offers to the public a new 


1 


he around the corner 


letvpe writer Service. Any subseriber to this 
ce may be connected, through the teletype- 
ter “central,” to any other subscriber, whe ther 


or across the continent. 


bseribers can type back and forth by wire, for 





service, which distinguishes t trom existing 
privat line teletype writer service s that any 
subscriber mav ask for anv other subscriber ane 


hye connected immed ate ly. 


kurt! erimniormation about th sTnew at Ve lop- 


nent in nation-wide communication will be fur 


rt or long periods, just as they now hold con- nished gladly by voun local Bell ‘Telephone 
sations by telephone. Business Office. 
This important development for the business 
rld parallels the other progress which is con S 
ntly being made in the telephone art. , 
Messages, inquiries, reports typed in one 
are instantly and accurately reproduced 
other subscriber's teletvpewriter. ‘Type- 
tten copies made by both sending and re- 
ng machines are available for permanent 
rds. The principal feature of this new 
MERICAN TELEPHONE {iN D TELEGRAPH COMPANY 
AR 9 
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(Cont. from page 78) (November and December) 
he recommends nickel plate plugs or caps to 
protect those regions of the surface which must 
A plate up to thick 


a high density hot 


bye kept soft. O.0O005 in. 


should be deposited from 
solution using high amperage and pure anodes 
nitrided case of 


Denitriding (softening the 


the aluminum steels to a machinable extent) 
can be done in a fused 50:50 mixture of potas- 
sium chloride and common salt. These pieces 
A chemical 


probably takes place between the iron nitride 
Poo 


can later be rehardened. reaction 


at the steel surface and the salt at about 
.. forming the gas NCL; diffusion outward of 
from deeper layers effectively 


that 


more nitrides 


softens the surface. It follows nitrided 
surfaces cannot remain hard in any hot atmos- 
phere containing chlorine; this accounts for the 
pitted condition of gas engine valves when the 


fuel contains ethyl chloride anti-knock. 





A SECOND edition of Stuart Plumley’s “Ox 

Acetylene Welding and Cutting” has be 
issued (University Printing Co., Minneapolis 
Originally, the book was a series of 20 lesso 
covering nearly all phases of 
size and contai 


It has been doubled in 


supplementary chapters on boiler codes, reg 


now 


lations, and laws, on hard alloy overlays, and « 
welding of high carbon steel tools (saws, pri 


cipally). It is primarily a text book, and 


such will be most useful to teachers and wor! 


men, but since it is encyclopaedic and remat 


ably well illustrated, it may be consult 


advantage by supervisors, 1 


frequently with 


spectors and designers. 


KEW exhibited at t! 


Leipzig fair is described in 


welding equipment 


Engineer 
Progress for December. A curious statement 
that the “Arcatom” process (a German term | 
the well-known atomic hydrogen process) 


“originated by Griesogen m.b.11.” Another 


gas welding. 


\ 


s 


‘ 


_ 


this firm’s “important innovations” ts the s 
called Arcogen process, wherein the welde 
operates an oxy-acetvlene (Cont. on page 8&2 
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642 x 82 METALLOGRAPH WITH INVERTED MICROSCOPE 


The focusing mechanism is independent of the rigidly supported stage, 
and ample steadiness is assured at all magnifications. 


Homal lenses provide for a maximum flatness of field without sacrifice 


Metallograph with are lamp, 4 apochromatic objectives, 6 compensating 


oculars, 3 homal lenmses........... 


Vicro 397 
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The 


Wheel 
Spindle Is Chrome-Vanadium 
In This 57-Foot Norton 











Cylindrical Grinding Machine 


HIS 57-foot Norton Grinder 

handles work up to 36” in 
diameter, 288” in length and 
40,000 Ibs. in weight. It grinds 
to reflecting finish and within 
accuracy limits of 0.0005” for 
concentricity and straightness. 
The wheel spindle, “the heart 
of the grinding machine”, is 
made of Chrome-Vanadium 
Steel. Headstock gears and heavy 
duty tooth clutches in this and 
other Norton Machines are also 
made of Chrome- Vanadium Steel. 

In gears, pinions and shafts 
Chrome - Vanadium Steel pro- 
vides the requisite strength, 
toughness and wear - resistance 
in combination with ease of 
heat-treatment and machining. 
In other vital parts of machin- 
ery and equipment too, Chrome- 
Vanadium or other analyses of 


Vanadium Steels are giving the 
durable and dependable service 
thac reflects credit on the build- 
er and provides satisfaction to 
the user. 

If there are parts of your prod- 
uct or manufacturing equipment 
where stronger, tougher, more 
dependable steelswould improve 
performance, let our Metallur- 
gists suggest Vanadium Steels 
that will meet your require- 
ments. There 1s no obligation, 
of course, when you consult our 
Metallurgists. Write us today. 


VANADIUM CORPORATION 
OF AMERICA 
120 BROADWAY, NEW YORK, N. Y. 
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VANADIUM STEELS 


for strength, toughness and durability 
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(Continued from page SO) blowpipe in the right 
hand and a metallic are in the left It Is 
claimed that twice the speed of the gas process 
is thus achieved with no deterioration in quality 
of the joint \n interesting development is a 
line of light weight torches made principally of 
aluminum allovs. The recurrent claim of a 


cutting blowpipe which does not alter the sur 


face cut also re appears in this artich 


SPECIAL 


cemented tungsten carbide tools was re 


questionnaire on the use. of 


turned by SS) manufacturers to a research 
committee of the American Society of Mechani 
cal Engineers and summarized at the convention 
held in New York early in December lhree 
reports on the properties and performance of 
carbide tools, tool stecl tools, and stellith 
tools were also read. The first mentioned con 
tained detailed data on 21 operations on lathes, 
automatics, boring mills, milling machines, and 
drill presses wherein large savings resulted 
from the substitution of carbide tools for ordi 
nary high speed, cobalt high speed, and stellite. 
Most of the jobs were cast iron, bronze, and 
dluminum allovs. [It was emphasized in discus 
sion that the proper, if not the only way, to 
make an accurate comparison of the three 
varieties of tools is to select a foreman inter 
ested in the highest possible production, and 


have him set aside three machines working on 


a given plece, each tooled properly with the 





respective material, and guide each operation 
so the combination. of speeds and feeds for 


lower cost per piece can be found by trial 


A CORDING to Messrs. Blum, Barrows, and 

Brenner (Bureau of Standards Researc! 
Paper No. 368). porosity in chromium plate 
mav be determined by depositing copper on it 
from acidified sulphate solution at 0.2. volts, 
across a gap of 2in. Cracks and pores are coy 
ered with the copper, and a measure of the 
porosity is the current passing per unit of 
cathode area. It was generally found that thin 
chromium plates (up to 0.00002 in.) contain fine 
holes, and the number of them does not increase 
with age. Thicker deposits (up to O.0001 in.) 
have parallel cracks in the direction ino which 


the base metal was last polished, or alligator 


skin markings both varieties of which in 
crease in extent with age. It was found that 


chromium plates made in tanks operating at on 
below 115 KF. show a marked minimum in 
porosity when about 0.00002 in. thick. Deposits 
produced at higher temperatures, say up to 150 
le... have lower porosity and this does not mark 
edly increase as the thickness of the plate in 
creases. At any given temperature the porosity 
decreases with decreasing current density, but 
full advantage cannot be taken of this, for cur 
rent density and temperature must be coordi 
nated to obtain bright plat Porosity is least 
when chromium is plated over nickel, and great 
est on steel (when the work is done according 
to present commercial practices). These results 
mav have only a general relationship to col 


rosion resistance, as baking a fresh de posit will 


Inerease porosity, 
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Hy-Ten Alloy Steels—-Wheelock, Lovejoy & Co., Inc. 

tinent Points” folders covering physical proper 

heat treatment and applications of all grades of 
Special Steels. Bulletin D-22. 


Aluminum Welding Aluminum Company of Amer! 

Instruction card to be hung in the shop for ready 
ce. giving directions for welding aluminum. 
D-54 


Hacksaw-Ology—-Simonds Saw and Steel Co. Book 
iting and describing the uses of hacksaws. Bul 


1-64. 


Industrial Application of the X-Ray —-General Ele« 
\-Ray Corp. Booklet gives many examples of the 
the X-Ray in the industrial field. Profusely 
ited with radiographs of castings, welds, assem 
etc. Bulletin D-6. 


Furnaces for the Steel Industry——The Electric Fur 


Co. have issued a four-page folder illustrating 
listing several electric and fuel fired furnaces of 
is types they have installed in steel plants. Bul 
D-30. 


Modern Industrial Furnaces Surface Combustion 

Booklet covering the research, developme nt and 
eering activities of the Surface Combustion Corp., 
their application and the advantages obtained by 
furnace users as a result of these factors. Bulletin 


Atmosphere Controlled Gas Furnaces American 


ic Furnace Co. has just issued a new four page 
ct showing sizes, capacities, and description of 
luthe gas furnace with controlled atmosphere i 


ber Bulletin JA-2. 


Conveyor Belt Handbook——-Wickwire Spencer Steel 
\ new loose-leaf handbook, describing various 
I etal conveyor belts for high and low tem 
res. This includes the new heavy duty “Alpha” 
belt Delta” plate belt and spiral type. Bulletir 


High Test Welding Rod—The Linde Air Products 
\ 12-page booklet describing the qualities and 
tages of high test welding rod. Extensively used 

fabrication of pipe lines, pressure vessels or othe! 

ling operations where high strength and economy 

required Bulletin D-63. 


Ferro Alloys and Metals (Third Edition) —Electro 


illurgical Sales (¢ orp. Describes current practices 
specific reference to the “Electromet” products 
lied to the metallurgical industry by this organi 
together with suggestions for their use in both 
ferrous and non-ferrous industries. Bulletin D-16. 


Ingot Molds-—-Gathmann Engineering Co. The sub 

t of ingot molding is covered in a new book on this 

ect. Numerous illustrations of the effect of various 
ds of tinishing and casting on the reliability of 
roducts are given Bulletin D-13. 


Heat and Corrosion Resistant Alloys General Alloys 
\ new bulletin is available on chrome-nickel and 


Straight chrome heat and corrosion resisting alloys 


Bulletin D-17. 


Stainless Steels l nited States Steel ( orp. Booklet 
describing various stainless and heat resisting alloy 


steels produced by subsidiary companies. Fables of 
chemical compositions and physical properties are in 
cluded, also recommended procedures for use, polish 
ing methods, et Bulletin D-79 

Electric Heat Treating Furnaces Ajax Electric Co 
Inc. Photographi description of new etectric tut ices 
for annealing wrought products, such as sheet, wire 
tubing, rod, ete. Bulletin D-83 


Practical Metallurgy for Engineers bk. F. Houghton 
and Co., Philadelphia. A 435-page book by the Hough 
ton Research Staff, covering practical metallurgy in all 
its phases. Copies of the third edition are obtainable 
by sending 83.00 directly to the above company 


The Coreless Induction Furnace in the Steel Industry 


Ajax Electrothermic Corp. Reprint of a paper de 
scribing recent developments in high frequency core 
less induction furnaces and their probable applica 


tions. Bulletin D-41 


Welded Construction Folder Bethiche: Steel Cr 
Folder describing the use of rolled steel shapes ind 
plates for the building of ichinery parts by welding 
The results are said to be sturdier co 
duced weight, low cost. and elimination of patterns 


Bulletin N-76. 


istructior re 


Refractories FE. J. Lavino & Ce Literature « 
Kromepatch and Plastic K-N chrome ore refractories 
for industrial furnaces Bulletin O-40 


Industrial Gas Heat American Gas Associatior \ 
veritable textbook on the uses of gas heat in industry, 
profusely illustrated with photographs of installations, 
etc. Bulletin D-10 
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The X-Ray is a New 


Inspection Tool 


It saves thousands of dollars for manufacturers 
in many lines. Learn what it has to offer you 
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DEEP NITRIDING 





(Continued from page (6) is subjected to the lo 
nitriding temperatures at which the har 
nitrides of low diffusibility are formed fi 
about half of the total nitriding time, and 
then heated progressively to the temperatures 
Which rapid inward diffusion of the nitrides of 
lower hardness takes place. 

The upper temperature (1160) F.) is pra 
tically fixed, but the lower temperature varies 
with the case desired. Holding time at the lowe: 
temperature is some function of the total 
mav be from Ilo to 20% of the total nitridin 
time for that program. 

Case hardnesses and penetrations are shown 
and J) 


observed that the hardness at the 


in the diagram on page 76 by curves ¢ 
It will be 
very surface, the gradation of case, and the 
depth of penetration are capable of being con 
trolled, according to the program adopted. Only 
a few of the possibilities are illustrated. 

Conversely, if a certain case depth is de 
sired, a suitable program can be set up to pro 
duce it in a shorter time. A case depth which 
formerly required 24 hr. to produce can be done 
in 16, with a worth-while saving in time, fuel, 
and ammonia. Moreover, as material of a lowe 
core hardness (210 to 240 Brinell) can be used, 
machining will also be facilitated. 

There are a few critical factors in the pro 
gram method of controlling the nitriding cyel 
which, however, also apply to all nitriding 
eveles. The most important ar 


(a) Responsive, accurate control of — the 
work temperature; uniformity of temperature 
and uniformity of distribution of the reactive 
vas throughout the load. 

(b) An upper limit of 1160) F., 


which nitriding cannot be 


hbevon 
done, nor can th 
work be held at the upper nitriding temper 
atures very long without loss in surface hard 
hess of the finished part. 

The improved method for controlling th 
nitriding evcle and its temperatures, briefly out 
lined above, enables the metallurgist to contro 


the penetration, gradation, and hardness 0! 
case, evxtends the field for nitriding, and effects 


Creat savings in cost. 
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